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LETHAL GENE-COMBINATIONS AND 

POLLEN STERILITY IN DIPLOID APPLE 
VARIETIES 

A CRITIQUE AND A THEORY 


BY OTTO HEILBORN 
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INTRODUCTION. 


[" is a well established fact that different apple varieties show great 
differences with regard to the fertility of their pollen. The degree 
of pollen fertility of a given variety has hitherto always been deter- 
mined by means of germination tests. These germination tests are 
generally carried out by sowing the pollen-grains in a cane sugar solu- 
tion (generally 10 %) and counting those grains that germinate. The 
result of such a test is then given in a figure representing the number 
of germinated pollen-grains expressed in per cent of all grains counted. 
Tables of such germination percentage figures for the pollen of 
hundreds of apple varieties have been published by several authors 
(conf. R. FLoRIN 1920, 1926, 1927, ZIEGLER and BRANSCHEIDT 1927 
and KOBEL 1931 as well as the literature there given). 

Pollen germination tests of a given apple variety may give different 
results in different cases, and the germination percentage tables published 
thus often give the impression of very great variability within many 
of the apple varieties investigated. The explanation of this variability 
within the varieties as well as the differences found between them 
seemed to require a cytological investigation of the pollen development 
of the apples. Such investigations were, therefore, undertaken, some 
years ago, by several workers almost simultaneously (SHOEMAKER, 
KOBEL, RYBIN and HEILBORN, conf. HEILBORN 1928) and have more 
recently been taken up by NEBEL (1929 a and b) and DARLINGTON and 
MOFFETT (1930). One of the most significant results of these cytolo- 
gical studies is the establishment of the existence of quite a series of 
triploid apple varieties. All these triploid varieties have bad pollen, 
as shown by its very poor germination. All the diploid varieties have 
34 somatic chromosomes, the triploid ones have 51. The reduction 
division of such triploid varieties is irregular. 

Hereditas XVI. 





OTTO HEILBORN 





The reduction division of a diploid variety, again, is normal under 
normal and ordinary conditions. The quite conspicuous variability 
found by germinating pollen of diploid varieties thus required some 
other explanation. It was quite natural to seek for such an explana- 
tion in climatic influences. In fact, I have myself been ablo to state 
that the chromosome conjugation in the pollen mother-cells of certain 
diploid apple varieties is sensitive to high temperatures (HEILBORN 
1928, 1930). 1 have, however, not as yet been able to prove any clear 
parallelism between chromosome conjugation and pollen germination. 
In order to produce a further elucidation of this problem, I therefore, 
in the spring of last year (1930), placed some dwarf trees of a few 
apple varieties in one of the heated green-houses of Hortus Bergianus 
at Stockholm, and then investigated both the reduction division and 
the pollen sterility of these varieties, thus put under the influence of a 
rather high temperature (in the daytime about + 30° C.). I am greatly 
indebted to Messrs C. FLORIN and E. SODERBERG for the loan of these 
dwarf-trees. 

When the flowering of the dwarf trees had ceased, in 1930, the 
trees were again transplanted into the open air. There they were left 
for the summer of 1930 and the following winter, and during spring 
of this year (1931) the investigation on chromosome conjugation and 
pollen sterility was carried out once more, now under normal condi- 
tions of temperature and moisture. The details of these investigations 
have not yet been fully worked out and will be published later, 
nevertheless, a few facts appear to be quite clear already now. The 
reduction division as well as the fertility of the pollen are not much 
influenced by changes in temperature, provided these changes are kept 
within moderate limits. Moreover, the differences between the apple 
varieties, as regards their pollen fertility, seem to reappear each year, 
independent of climatic changes, and in spite of the normal chromosome 
conjugation generally prevailing. These facts at once suggest the real 
explanation of the differences in pollen sterility, displayed by diploid 
apple varieties. Most probably this sterility depends upon certain 
lethal gene-combinations present in some apple varieties, and absent 
in others. 


POLLEN VIABILITY AND GERMINATION. 


Why, now, have not these lethal gene-combinations been dis- 
covered by those workers that have investigated the sterility of apple 
pollen? Obviously because almost all tests hitherto carried out with 
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apple pollen, have been germination tests, resulting in the determina- 
tion of percentage figures of germination. The percentage of pollen- 
grains, actually germinating during the experiment, depends, however, 
on two different categories of factors, partly on the properties of the 
pollen itself, partly on the conditions prevailing during the experiment. 
The temperature, for instance, exercizes a great influence on the germi- 
nation of the pollen. To these two categories of factors influencing 
the germination of the pollen — the genetically founded properties of 
the pollen itself and the external influences on the germination process 
— due regard has not been paid by any of the authors dealing with 
this problem. This is one reason why the real sterility differences 
between diploid apples have not hitherto been observed, and do not 
appear from a study of the germination percentage tables as yet 
published. 

When the present writer began his study on the pollen of the 
above-mentioned dwarf trees, the necessity of thus distinguishing 
between the internal properties of the pollen and the external in- 
fluences, soon became apparent. Instead of determining the germina- 
tion percentage of the pollen under investigation, I therefore deter- 
mined another constant which in the following will be referred to as 
the viability percentage (or germinability instead of germination per- 
centage). It was found that a part of the apple varieties investigated 
constantly contain a rather high amount of abortive pollen-grains that 
are empty, lacking living plasma and nucleus. These abortive grains 
do not swell in cane sugar solution, as do the viable grains, and often 
have a somewhat navicular shape (perhaps reminding of stomata; 
fig. 1 b—c). In diploid apple varieties it is generally quite easy to 
distinguish betweeen viable and abortive pollen-grains. As viable are 
regarded such grains as have actually germinated, as well as all those 
which have attained about the same size and shape as the germinated 
grains, though no pollen tubes have been developed. Abortive grains 
are those which show the characteristics mentioned above. The viabi- 
lity percentage is then the number of viable pollen-grains, expressed in 
per cent of the total number of grains counted. — Before counting I 
sowed the grains in a 10 % cane sugar solution, in the same way as is 
generally used in germination tests. 

As has been mentioned above, the abortive and the viable pollen- 
grains of diploid apples are generally easily distinguished from one 
another. The viable grains all seem to be capable of germination if 
the conditions are favourable. The abortive grains, of course, do not 
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germinate, as they are empty. The classification of the pollen-grains, 
suggested in the preceding, must consequently be regarded as repre- 
senting essential properties of the pollen of diploid varieties. With 
regard to the pollen of triploid apples, however, the new classification 
fails. Fig. 1 c shows some pollen-grains of the triploid variety »Rib- 
ston». One of the grains is empty and of the same shape as the abor- 


Fig. 1. Pollen of apple varieties. a: »Signe Tillisch» (group A: all grains viable). — 

b: »Melon» (group’B: 4 viable and 3 abortive grains). — c: »Ribston» (triploid: 2 

viable grains, 1 abortive, and 4 grains containing plasma but not germinating). — 
Obj. 7a, oc. 2. 


tive grains of the diploid varieties, two grains appear to be normal 
and have germinated, the rest of the grains have attained a somewhat 
normal size, though they are of a more or less irregular shape, but 
have not germinated. Though these last-mentioned grains have not 
germinated, they have a rich content of plasma, and some of them 
may be capable of germination under special conditions. In the case 
of triploid apples, the classification into viable and abortive grains does 
not, therefore, give a proper idea of the real properties of the pollen — 





APPLE VARIETIES 5 





nor does the classification into germinated and non-germinated grains. 
One reason why the significance of the abortive grains in the pollen 
of diploid apples has not before been observed, is obviously due to the 
circumstance that diploid and triploid varieties have not been sepa- 
rated from one another during the germination experiments. The diffi- 
culty of classifying the pollen of triploid apples has, therefore, prevented 
a proper classification of the pollen of the diploids. Studies on apple 
pollen must, consequently, always be combined with cytological studies 
on the chromosome set of the varieties investigated. 

R. FLoRIN (1920, p. 17) says: »Bei den Sorten, deren Pollen nur 
zu einem geringen Prozent (20 oder darunter) keimfahig war, befanden 
sich neben den gesunden K6rnern teils zahlreiche taube, zusammen- 
geschrumpfte, teils haufig K6rner, die freilich nicht taub waren und 
demnach Schwellen zeigten, wenn sie in Zuckerlésung ausgesat wurden, 
die aber dessenungeachtet nicht keimten. Interessant wire zweifels- 
ohne eine Untersuchung iiber die Morphologie des Pollens bei den Obst- 
baumen vorzunehmen, die méglicherweise gewisse Aufschliisse tiber die 
genotypische Konstitution der einzelnen Sorten wiirde gewahren k6n- 
nen». The author obviously seems to have overlooked the important 
circumstance that empty pollen-grains occur, not only in varieties with | 
a very low germination percentage (i. e. triploid varieties!), but also 
in many of those varieties with relatively good pollen, which we now 
know to be diploids. 

In a similar way ZIEGLER and BRANSCHEIDT (1927) have observed 
morphological differences between the pollen-grains in many of the 
varieties investigated, but these authors, too, have failed in distinguish- 
ing between diploid and triploid varieties. They note if the pollen 
investigated is »gleichmissig» or more or less »ungleichmassig», though 
without percentage figures. The last-mentioned characteristic is attri- 
buted to chromosome aberrations. 

Later on, BRANSCHEIDT, in a recent paper (1930, p. 372 f.), has 
devoted a chapter to the morphology of the pollen of apples and grapes. 
In all the twelve apple varieties in table 1 of this paper he found empty 
pollen-grains. In some of the varieties there was, moreover, found a 
further class of pollen-grains, characterized by BRANSCHEIDT as »be- 
dingt keimfahig». The last-mentioned grains were not empty, but in 
spite of their plasma and nucleus they did not germinate in the experi- 
ments, though they were regarded as capable of germination under 
favourable circumstances. BRANSCHEIDT is obviously still ignorant of 
the existence of triploid apple varieties, otherwise he must have observed 
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that »bedingt keimfahige» grains occur in the triploids only, not in the 
diploid varieties of his table 1. Moreover, he regards the size of the 
pollen-grains as their most significant characteristic and presents curves 
of pollen-grain sizes in which the different morphologic kinds of grains 
are not properly separated from one another, nor are the diploid from 
the triploid varieties. These curves do not, therefore, give much infor- 
mation as to the essential relations between pollen morphology and 
pollen germination. The percentages of empty grains in the diploid 
apple varieties presented in BRANSCHEIDT’s table 1, are, however, very 
useful for our present purpose (though they are founded on rather 
scanty statistics — generally only 120—150 pollen-grains for each 
variety). Some of BRANSCHEIDT’s data have, therefore, been included 
in the present paper and shall be discussed later (table 2, p. 10). 

KVAALE (1927), too, observed empty pollen-grains in many apple 
varieties and made a few countings of their frequency, but also he 
did not separate the triploid varieties from the diploids, and as the 
number of grains counted in each variety moreover seems to be very 
low, KVAALE had no more success than the other workers in finding 
the real significance of the empty grains. He attributed the origin of 
the empty grains to >irregularities in the division of the pollen mother- 
cells». 

When thus the proper way of testing the pollen of diploid apple 
varieties must consist of its classification into viable and abortive 
grains, and when the abortion of the pollen is regarded as depending 
on certain lethal combinations of genes, there remains now the most 
important task to reinvestigate the pollen of all diploid apple varieties 
from our new point of view. I began this work during the spring of 
this year (1931), and my scanty preliminary results may be published 
already now in order to give a fuller idea of the problem. Attention 
should, in this connection, be paid to the following theoretical point of 
view. If the abortion of the pollen depends upon certain lethal com- 
binations of genes, these gene-combinations must be assumed to be 
limited in number. In other words, one might expect the diploid apple 
varieties to be divided into a few distinct classes — representing the 
gene-combinations — when classified according to the viability per- 
centages of their pollen. 

In table 1 the viability percentage figures of 15 diploid varieties 
are given, together with some data on the germination of the pollen, 
presented by previous authors. All the apple trees investigated in the 
present paper grow in Hortus Bergianus at Stockholm. As to the names 
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TABLE 1. Viability (determined 1931) and germination of pollen of 
diploid apple varieties. 
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of the varieties I have relied upon the determinations made by the 
staff of the garden. 

As is seen, there occurs a good deal of variability as regards the 
germination of the pollen, which does not exist to the same degree in 
the viability percentage figures. This variability in germination is 
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partly real, depending upon varying germination conditions, partly 
only apparent and depending on the circumstance that all the previous 
authors, working on apple pollen, seem to have counted too few pollen- 
grains for the determination of each percentage figure. Few of the 
authors give any details in this respect, it is, therefore, for instance, 
impossible to calculate the mean value of percentage figures given by 
different authors, nor is it possible to compare the results obtained in 
different germination experiments. It is, of course, erroneous to cal- 
culate mean values of different percentage figures of germination with- 
out knowing the numbers of germinated and non-germinated grains 
actually counted in each experiment. Such a way of calculating has, 
however, obviously been practized by some of the authors cited in the 
present work. 

R. FLorin (1920) merely says in the introduction to his work that 
he has counted about 300 pollen-grains for each percentage figure in 
his tables. JOHANSSON (1929) counted »at least 200», ZIEGLER and 
BRANSCHEIDT (1927) generally about 300, often 400—500 grains. From 
table 1 in KVAALE’s work (1927) we learn that for each of those per- 
centage figures that have been included in our table 1, KVAALE had 
counted a number of grains varying from 65 to 126. KOBEL, finally, 
in his most recent work (1931) says that at least 200—300 pollen-grains 
should be counted for the determination of a germination percentage 
figure. In all these works the number of grains counted appears to 
be too low, at least in all cases of an intermediate germination (when 
both pollen classes, consequently, constitute about half of the total 
number counted). Although I have not made any statistical studies 
on this point, I am under the impression that 1000 or 2000 grains 
should be counted for the determination of each percentage figure. 
A good deal of the variability in pollen germination reported by previous 
authors and partly attributed to climatic or metabolic influences, is 
most probably but apparent and in reality depending upon insufficient 
statistics. — In table 1 I have, accordingly, also given the actual num- 
bers of viable and abortive grains counted in each test. In each of the 
slides investigated I have counted the good and the empty grains in a 
considerable number of different fields. 


VIABILITY CLASSES. 


Though the apple varieties whose pollen viability percentage has 
been determined are as yet few, the figures published in table 1 are 
sufficient to show that there exist at least two, perhaps three, viability 
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classes among diploid apple varieties, and that the variability in pollen 
sterility is much less irregular than the germination figures of the 
previous authors indicate. About half the apple varieties investigated 
have a practically quite fertile pollen — its viability is never lower 
than 98—99 %. The empty grains, occasionally found in these varieties, 
should be attributed to mere casualties. The percentages of those 
varieties which show a greater amount of abortive grains, are variable, 
though not to the same extent as the germination percentage figures 
of previous authors. Most of these viability percentage figures range 
from 80 to 94, the pollen of two of the partially sterile varieties 
(»Cellini>» and »Bjérkvik») show, however, a viability, in my experi- 
ments, that is no higher than 63 and 60 % respectively. I am under 
the impression — though I have not yet been able to convince myself 
of it — that there is a more marked difference between the pollen 
classes of the two last-mentioned apple varieties than between the 
corresponding classes of the others: the abortive grains make an im- 
pression of being slightly smaller and narrower. All facts taken to- 
gether, therefore, make it feasible that »Cellini» and »Bjérkvik» really 
may belong to a sterility class of their own. 

We should thus be able to classify the diploid apple varieties into 
three classes as regards their pollen viability: class A, good pollen 
(viability 98—99 % ); class B, inferior pollen (viability 80—94 % ); and 
class C, fairly bad pollen (viability 60—63 %). It is, however, not yet 
quite certain that the classes B and C really can be separated from one 
another. 

From table 1 it thus becomes evident that a proper comparison 
between the pollen of different varieties cannot be based upon per- 
centage figures for germination, determined without due regard being 
. paid to the amount of empty pollen-grains, characteristic of each 
variety, and without a very strict control of the conditions prevailing 
during the germination experiments. The grouping of the varieties into 
fertility classes, made by FLoRIN (1927) and arranged so that these 
classes show continuous transitions (0—30, 31—70 and 71—100 % of 
germination — only the two last-mentioned represented in table 1), 
may, perhaps, be useful from a practical point of view, but scientifically 
it is not quite fortunate, as this arrangement only makes the real 
differences between the varieties still less clear. On the whole, it is 
quite obvious that the percentage figures for germination, hitherto 
published, do not show clearly more than one thing, viz. the profound 
difference between triploid and diploid varieties. KOBEL (1931, p. 115) 
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has also taken the consequences and divides the apple varieties into 
only two groups, instead of three, viz. good and bad pollen producers, 
the last-mentioned consisting of the triploid varieties. 


TABLE 2. Viability and germination of pollen of apple varieties. 
(According to BRANSCHEIDT 1930, table 1, rearranged and simplified.) 
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From his experiences of pollen germination in cherries and pears 
KAMLAH (1928) draws the following conclusion: »Aus diesen Fest- 
stellungen folgern wir, dass die bisher in der Literatur angegebenen 
schlechten Keimer in 2 Gruppen zerfallen, und zwar in solche, die 
einen tatsichlich degenerierten Pollen besitzen, und die infolgedessen 
nicht in der Lage sind, hohe Keimprozente zu erreichen, und in andere, 
die nur zufallig in die Gruppe der schlechten Keimer geraten sind, 
weil ihnen optimale Keimungsbedingungen gefehlt haben». These 
words once more demonstrate the lack of accuracy of the current 
germination tests. As has just been shown, the apple varieties fall 
into three or four groups of the kind referred to by KAMLAH (groups 
A, B, C and the triploids). 

In table 1 of the paper by BRANSCHEIDT (1930), referred to above, 
some interesting data on the morphology of apple pollen are found 
which are presented in table 2 of the present work. From BRANSCHEIDT’s 
table the data on pollen-grain sizes have been omitted, but instead of 
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these the chromosome numbers of the varieties investigated have been 
included in so far as they are known. Moreover, all data have been 
rearranged in order to give a better survey of the whole. One experi- 
ment with »Schéner von Boskoop» has been omitted, because it does 
not supply any clear information as to the classification of the pollen, 
and the three experiments with »Landsberger Renette» have been 
brought under one heading. 

As is seen, BRANSCHEIDT’s results agree remarkably well with my 
own. BRANSCHEIDT himself, however, has not understood the im- 
portance of his observations, obviously because he has not treated the 
diploids and the triploids separately. On the whole, he seems inclined 
to attribute all differences in pollen morphology to chromosome aber- 
rations. This cannot be correct. 

If tables 1 and 2 are considered together, we arrive at the following 
results regarding partial pollen sterility in diploid apples: of 22 varieties 
investigated, 10 are wholly fertile (class A), 8 show a moderate pollen 
sterility (class B), and 4 are pollen sterile to a considerable degree 
(class C). 

_ When the greater part of the present paper had already been 
written, the author came across a quite recent book by KOBEL (1931) 
in which the sterility phenomena of cultivated fruits are reviewed and 
discussed. On p. 127 of this work KOBEL says: »Mit der zytologisch 
bedingten und der durch mangelhafte Ernahrung verursachten Pollen- 
sterilitat haben wir wohl noch nicht alle Ursachen fiir die Degenera- 
tionserscheinungen des Pollens erfasst. Es gibt wohl Obstsorten, die 
auch bei normalem Chromosomensatz und guter Ernahrung viele ver- 
kriippelte Pollenkérner ausbilden. Zu diesen gehért wahrscheinlich 
die Apfelsorte Tobidsler, die den normalen Satz von 34 Chromosomen 
enthalt, deren Pollen aber stets, und auch an gesunden und kraftigen 
Baumen, zahlreiche Kriippelkérner aufweist. Wir gehen wohl nicht 
fehl mit der Annahme, dass es sich hier um faktoriell bedingte Sterilitat 
handle, d. h. dass ein Teil der Pollenkérner Erbanlagen erhalte, durch 
welche ihre Entwicklungsfahigkeit verunméglicht werde. Ein sicherer 
Nachweis dieser Sterilitatsform, die bei anderen Pflanzen mehrfach 
gefunden wurde, konnte allerdings noch nicht erbracht werden, und 
ist schwer zu erbringen». 

These words contain the only clear statement which the present 
writer has found in the literature on sterility of cultivated fruits, re- 
specting the possible existence of a pollen lethality caused by certain 
gene-combinations and independent of chromosome aberrations and 
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external influences. KOBEL has not, however, made any further in- 
vestigations on this problem and obviously regards the final proof of 
such a lethality as a very difficult task. As will appear from the 
present paper, the easiest way of proving this »faktoriell bedingte» 
pollen sterility is to prove, by way of sufficient statistics, the existence 
of distinct sterility groups among diploid fruit varieties. 


LETHAL GENE-COMBINATIONS AND POLLEN 
ABORTION. 


Genetically analysed cases of partial pollen sterility, caused by 
lethal gene-combinations without chromosome aberrations, are few. 
To these belong the cases of Stizolobium (BELLING 1914), Galeopsis 
(MUNTZING 1929, 1930), Datura (BLAKESLEE 1928) and Zea mays (BRINK 
1927 and BRINK and BURNHAM 1929). In all these cases the inheritance 
of the partial sterility is interpreted in terms of simple Mendelian gene- 
combinations. The interpretation of the Stizolobium-case thus requires 
two independent pairs of genes, and that of Galeopsis four such pairs. 
The interaction of such genes results, in certain crosses between 
different pure lines, in the appearance of partially sterile individuals 
in the off-spring, in regular Mendelian proportions. The partially 
sterile individuals have a certain amount of their pollen aborted. 
According to the simple Mendelian gene-combinations, underlying this 
abortion, the abortive grains always constitute about */, or */, of the 
total number of grains. If a population of Galeopsis-individuals ‘of 
such line-crosses is investigated, the individuals, consequently, may be 
arranged in a limited number of sterility groups. One of these groups 
will show 50 % and one 25 % of pollen abortion, while the third group 
will consist of wholly fertile individuals. 

Other cases of such partial pollen sterility are found in Oenothera 
(RENNER 1919, LEHMANN 1922), but as all inheritance phenomena in 
this genus are very complicated, it seems difficult to interpret the 
Oenothera-cases in quite simple terms. 

As it is bound to be extremely tedious and lengthy to investigate 
the pollen sterility of apples by means of bastardizing experiments, I 
have tried, in the present investigation, to establish the existence of 
lethal gene-combinations by collecting statistics on the pollen sterility 
of a number of diploid varieties. The apple varieties of our gardens 
may be regarded as a population of individuals which has arisen as 
the result of previous line-crosses. Now, as has just been shown, it is, 
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in fact, possible to divide this population into distinct sterility groups, 
and thus our supposition that relatively simple gene-combinations are 
responsible for the partial pollen sterility in diploid apples, is con- 
firmed. 

The existence of a great class of apple varieties that quite lacks 
pollen sterility (class A) does not appear from a study of the germina- 
tion percentage tables, hitherto published. This discovery is of im- 
portance, as a distinct group of quite fertile apple varieties must, of 
course, be supposed to exist, if the hypothesis of lethal genes be 
accepted. These lethal gene-combinations are lacking within class A. 

FLORIN (1927, p. 112) says: »— — there is no sharp distinction 
between presence and absence of good pollen, and many grades of 
pollen abortion occur in both pears and apples. Any one variety 
appears to be characterized by the production of a certain quantity of 
pollen with a more or less constant range of abortion and degree of 
viability. Thus pollen sterility is obviously in the first place an in- 
herent characteristic». The last-mentioned observations concerning the 
hereditary nature of pollen sterility in apples and pears, is no doubt 
correct, on the other hand the very first remark about the lack of 
distinction between presence and absence of good pollen (or of bad 
pollen!), is not adequate. There really exists a sharp distinction be- 
tween wholly fertile and partially sterile apple varieties. 

The explanation of the rather irregular percentage figures of viabi- 
lity of classes B and C is not so simple. An excellent possibility of 
explanation has, however, recently been given by DARLINGTON and 
MOFFETT (1930). These authors have found the »diploid» species and 
varieties of Pyrus to be, in reality, »secondary’ diploids», possessing a 
balanced secondary chromosome set, regarded as a combination of two 
primary sets. These secondary diploids should be tetraptoid with 
regard to a part of their chromosome set and hexaploid in respect of 
the rest of it. The chromosome constitution of the apples is conse- 
quently: AAA BBB CCC DD EE FF GG (haploid set). Quadrivalent and 
sexivalent chromosomes are often found in meiosis. 

If we now assume a recessive lethal gene d to be situated in a D- 
chromosome, and then assume further that such recessive lethals are 
effective only if present in both D-chromosomes of a pollen-grain, we 
get the following formula for the constitution of an abortive pollen- 
grain: AAA BBBCCC dd EE FF GG. We may also assume that the 
two d-genes of a partially sterile apple variety are situated each in 
one of the two D-pairs of chromosomes, that, consequently, such an 
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apple variety with two d-genes in its chromosome set has two chromo- 
some pairs D—d, D—d. If the chromosomes of one pair always maic 
and sort independent of the other pair, *‘/, of the pollen-grains will be 
double recessives dd, and the viability of the pollen will be 75 % 
(fig. 2a). If, on the other hand, the two pairs are always united to 
such a quadrivalent chromosome as is suggested in fig. 2 b, so that the 
d-chromosomes always go together (as if they were one single chro- 
mosome), */, of the pollen-grains will be double recessives dd, and the 
viability of the pollen will be 50 %. Intermediate frequencies of such 
quadrivalent chromosomes will result in percentage figures of viability, 
ranging from 50 to 75 %. This type of pollen viability would corre- 
spond to class C. 


ais: 232 


D A - 7, 
d a A 
b d 


Fig. 2. Diagram of the behaviour of homologous chromosome pairs in meiosis of 
diploid apples. Chromosomes carrying a recessive lethal gene are drawn black. 
a: Chromosome pairs D—-d independent of one another: gametes DD + 2 Dd + dd 
(75 % viability). — b: Chromosome pairs D—d united to a quadrivalent: gametes 
DD + dd (50 % viability). — c: Chromosome pairs A—a independent of one another: 
gametes AAA + 3 AAa + 3Aaa-+ aaa (87*/2% viability), — d: Two chromosome 
pairs A-—a united to a quadrivalent, the third pair A—a independent: gametes 
AAA + AAa + Aaa+ aaa (75% viability). — Conf. the text. 








We may also suggest the recessive lethal genes to be situated in 
the hexaploid part of the chromosome set, e. g. in the A-chromosomes. 
If a lethal a-gene is effective only when present in all three A-chromo- 
somes of a pollen-grain, an abortive grain of this type has the following 
constitution: aaa BBB CCC DD EE FF GG. Further, we may, as above, 
suppose the a-genes to be situated each in one of the three pairs of 
A-chromosomes of a partially sterile variety of this type, all these pairs 
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thus to be A—a. If the chromosomes of each of the three pairs now 
always mate and sort independent of the chromosomes of the other 
pairs, ‘/, of the pollen-grains will be triple recessives aaa, and the 
viability of the pollen will be 877/, % (fig. 2c). If, again, two of the 
three pairs always form a quadrivalent chromosome of the type 
suggested in fig. 2d, so that the two a-chromosomes of this quadri- 
valent always go together, while the third chromosome pair is indepen- 
dent, */, of the pollen-grains will be triple recessives aaa, and the viabi- 
lity of the pollen will be 75 %. If only in some of the pollen mother- 
cells such A-quadrivalents are formed, the viability of the pollen will 
become intermediate between 75 and 87*/, %. The pollen viability of 
class B might, perhaps, be of this type. 

However, the viability percentages of group C might perhaps also 
be interpreted as indicating merely simple half-sterility, and those of 
group B */,-sterility, with modificatory deviations of an unknown nature. 

The above explanations of the pollen sterility of classes B and C 
are, of course, only suggestions. It is futile to try to explain the sterility 
in detail, so long as the viability percentage is not known of a much 
greater number of apple varieties. In the above lines the author only 
wishes to point out the important fact that the compound structure of 
the apple chromosome set, discovered by DARLINGTON and MOFFETT, 
is in very good consonance with the irregular viability figures of the 
partially sterile diploid apple varieties. The best proof of the correct- 
ness of our new explanation of the pollen sterility in diploid apples lies, 
however, as yet in the fact that this sterility is totally lacking within a 
whole group of apple varieties (class A). 

CRANE and LAWRENCE (1931) publish tables with germination 
percentage figures (determined by other authors) for such apple 
varieties as have been investigated cytologically. From these tables 
it appears that the germination of the pollen of triploid varieties varies 
between 4 and 27 %, and that of diploid varieties between 46 and 98 %. 
Corresponding figures, published by KOBEL (1931, p. 109), are, for tri- 
ploids 4—34, and for diploids 50—97. From such figures we might 
conclude that diploids never contain less than 50 % of good pollen — 
in excellent consonance with our new gene theory of pollen sterility 
in diploid apples. 


CONCLUSIONS. 


The most important conclusions that may be drawn from our new 
view on pollen sterility in diploid apples, are the following. There is 

















16 OTTO HEILBORN 





a sharp distinclion between wholly fertile and partially sterile varietics, 
of which only the first-mentioned should be regarded as perfect pollen 
producers. The sterility has a genetical basis and is, to a high degree 
at least, independent of climatic or metabolic conditions. 

The new theory set up in the preceding may serve as the founda- 
tion of a new programme for future work on pollen sterility in apples. 
This work should be a combination of chromosome studies and studies 
in pollen viability. First, the chromosome number of all apple varieties 
of horticultural value should be determined, and in this way all tri- 
ploid varieties recognized, and classified separately. The diploid 
varieties should then be investigated with regard to the viability per- 
centage of their pollen. A more thorough knowledge of the causes of 
pollen abortion, as expressed in the viability percentages, might then 
perhaps be obtained through a study of the frequency of quadrivalent 
and sexivalent chromosomes in meiosis. It is possible that some rela- 
tion may exist between the frequency of quadrivalents and sexivalents 
on one hand, and the viability percentage figures on the other. This 
last-mentioned conclusion may be drawn from the preceding theoretical 
discussion. 

Studies in germination of apple pollen, on the other hand, belong 
to another category of problems. Such studies should be carried on 
in connection with the investigations in cross-sterility and cross-fertility 
of the different varieties. These pollen germination studies should be 
carried on chiefly with apple varieties of class A, i. e. with the best 
pollen producers, and should be arranged as series of germination tests 
in such a way that pollen of each variety is germinated under several 
different conditions. It seems to be of especial importance to make 
series of germination tests with pollen of each A-variety together with 
stigmas or styles of other apple varieties. 

The investigations are still in progress, and further details will be 
published later. 


Botanical Institute, University of Stockholm, July 1931. 


APPENDIX. 


Since going to Press I have received A. A. MOFFETT’s paper »The 
chromosome constitution of the Pomoidew» (Proc. Roy. Soc., B, 
Vol. 108, 1931). The peculiar compound structure of the chromosome 
set, found by DARLINGTON and MOFFETT to characterize the genus 
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Pyrus, is shown, in the new paper, to apply to all genera of the group 
Pomoidee. The basic chromosome number in the whole group is 17, 
and secondary association of the chromosomes occurs in all species 
investigated, the maximum chromosome association in the »diploids» 
being three sexivalents and four quadrivalents. Thus the chromosome 
constitution AAA BBB CCC DD EE FF GG is common to all »diploids» 
of the whole group. 

On the other hand, it is now stated that only part of the secondary 
association is true chromosome conjugation. The rest of it is merely 
»secondary pairing», i. e. some sort of attraction between homologous 
gemini, without physical connections. The frequency of true quadri- 
valents and sexivalents is varying — generally low — thus all facts 
that seem to be in accord with the viability figures of apple pollen. 

In the light of these new data, J. CLAUSEN’s recent criticism 
(Hereditas XV, p. 301, 1931) of DARLINGTON’s and MOFFETT’s con- 
clusions loses its validity. CLAUSEN maintains that the above authors’ 
»figures afford no conclusive evidence about hexasomes and tetrasomes 
in the pure species as Pyrus floribunda and P. Ringo», though they. 
»do so for the cultivated types, which are very complicated hybrids». 
CLAUSEN seems to hold the view that multivalents in apples are due to 
segmental interchange between chromosomes rather than to polyploidy. 
This view is probably incorrect. — Partial sterility due to segmental 
interchange (conf. HAKANSSON, Hereditas XV, pp. 17—61, 1931) is ob- 
viously a different phenomenon. Some of the cases of sterility, cited 
in the present paper, might perhaps be interpreted in both ways. 
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UBER POLYPLOIDIE IN BEZIEHUNG ZU 
KLIMA, OKOLOGIE UND PHYLOGENIE 
CHROMOSOMENZAHLEN AUS TIMBUKTU 
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I. PROBLEME. 


ONNEN 4dussere Einwirkungen eine erbliche Veranderung bei 

Organismen herbeifiihren? Diese alte Streitfrage hat man seit 
JOHANNSEN am Oftesten mit einem entschiedenen Nein beantwortet. 
Uber die allgemeine Giiltigkeit dieses Urteils bin ich bei Reisen in ver- 
schiedenen Gegenden der Erde, wo die Pflanzen unter extremen kli- 
matischen Verhaltnissen intensive Einfliisse ertragen miissen, in Zweifel 
geraten. Diese Zweifel naher zu begriinden ist die Absicht vorliegender 
Arbeit. Erwahnte Reisen wurden teils in den kaltesten, teils in den 
warmsten und trockensten Klimaten der Erde durchgefitihrt, und unter 
diesen fiir die Pflanzen so harten Daseinsbedingungen habe ich die 
Aufmerksamkeit namentlich auf solche Arten gerichtet, die in poly- 
ploiden Formen auftreten. Es scheint, dass Polyploidie bei der Neu- 
bildung von Arten eine Rolle spielt. Da nun Polyploidie durch Ein- 
fluss 4usserer Faktoren entstehen kann, werden wir direkt in die Frage 
iiber die eventuelle Bedeutung der ausseren Einwirkungen fiir die Art- 
bildung hineingefiihrt. 

Bei der Suche nach Material, das zur Klarung des erwahnten Pro- 
blems beitragen kénnte, wire es darum zweckmiassig Pflanzen solcher 
Gegenden der Erde zu untersuchen, wo der Kampf ums Dasein infolge 
harter Aussenfaktoren besonders scharf wirkt. Ich war in der giinstigen 
Lage 1) die Arktis (Grénland, Island und die Faeréer) und 2) die siid- 
liche Sahara bereisen zu kénnen. Bestandig auf der Suche nach Poly- 
ploiden, bin ich nun zu den Resultaten gekommen, iiber die unten 
berichtet wird. 

Schon 1922 begann ich auf den Faeréer meine Studien tiber 
Empetrum hermaphroditum, das eine interessante zwittrige, tetraploide 
Form des getrenntgeschlechtigen E. nigrum darstellt (HAGERUP 1927). 
Es ist kaum ganz richtig, E. hermaphroditum als selbstandige Art auf- 
zufassen, da es nicht mit neuen Genen bereichert ist, sondern nur mit 
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neuen Kombinationen derselben Genen. In diesem Zusammenhang ist 
es aber von besonderem Interesse, dass ein erblich konstanter Typus 
entstanden ist. E. hermaphroditum ist namlich das einzige Empetrum, 
das man auf den gewaltigen Arealen Ostgrénlands vorfindet, wo 
E. nigrum, das hier tiberhaupt nicht vorkommt, also nicht bestandig 
E. hermaphroditum neubilden kann. 

Schliesslich sei nochmals hervorgehoben, dass das_ tetraploide 
Empetrum mit einer sehr wichtigen Eigenschaft von grossem pflanzen- 
geographischen Interesse bereichert ist, indem es viel weiter nérdlich 
gedeiht, als das diploide Empetrum. Es scheint, als ob die Chromo- 
somenverdopplung der Art eine erhéhte »Vitalitét» verliehen, und sie 
im Kampf ums Dasein widerstandsfahiger gemacht hatte, so dass es 
ihr méglich wurde neues Land in Besitz zu nehmen, das fiir die diploide 
Form unbewohnbar war. 

Es scheint also, dass die Probleme der Polyploidie sowohl die Art- 
bildungsfrage als auch pflanzengeographische Grundprobleme bertihren 
kénnten. Wir haben es also mit zentralen Aufgaben der Biologie zu 
tun und miissen versuchen ein méglichst vollstandiges Beweismaterial 
herbeizuschaffen. 

Um zu untersuchen, ob die bei Empetrum vorgefundenen Verhalt- 
nisse mO6glicherweise allgemeingiiltig sind, habe ich 1924—1925 zyto- 
logisches Material von Bicornes in Grénland eingesammelt, und dieses 
mit weiterem Material aus dem Botanischen Garten zu Kopenhagen 
erganzt. 

Hierbei ergab sich, dass sich die meisten der innerhalb Bicornes 
festgestellten Chromosomenzahlen (HAGERUP 1928) in eine schéne 
6-Zahlenreihe einordnen lassen: 6 X 1; 6 X 2; 6X3; ....6X 8. In 
vier Fallen wurden innerhalb derselben Gattung solche Zahlen vor- 
gefunden, die durch Verdopplung voneinander abgeleitet werden k6n- 
nen. Es ergab sich da, dass es stets die Arten mit den héchsten poly- 
ploiden Zahlen waren, die am nordlichsten zu wachsen vermochten. 
Dieses Resultat stiitzt also die bei Empetrum angetroffenen Verhiltnisse. 

Falls meine Theorie richtig ware, miisste man erwarten, dass, wenn 


.grosse Kalte das Vorkommen von Polyploidie verursac énnte, 


auch grosse Hitze eine entsprechende Wirkung besitzen kénnte. In der 
Absicht nun auch den Einfluss der Wdrme auf Polyploidie zu unter- 
suchen, habe ich 1927—1928 eine Reise nach Afrika unternommen und 
in der siidlichen Sahara, in der Umgebung der Stadt Timbuktu, zyto- 
logisches Material eingesammelt, in einem Gebiet mit einem der 
heissesten und unertraglichsten Klimas der Erde. Die Bliitenknospen 
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wurden in CARNOY’s oder NAWASCHIN’s Filiissigkeit fixiert, und bei der 
Heimkunft haben sie sich als gut konserviert erwiesen. 

Ich habe die meisten Arten um Timbuktu fixiert, besonders bin 
ich aber solchen Gattungen nachgegangen, die in zwei Arten vertreten 
waren, von denen die eine womdglich an einen trockneren Standort 
gebunden war als die andere. In manchen Fallen habe ich mich jedoch 
mit einem Vergleich mit solchen Arten begniigen miissen, die mir nur 
durch die Literatur bekannt waren; oder auch Hess eine Chromosomen- 
paarung vermuten, dass eine polyploide Form ahnlicher Art vorlag wie 
im Falle von Empetrum hermaphroditum, der in Fig. 3 in meiner 
Arbeit von 1927 dargestellt ist. (Man muss sich doch eingedenk sein, 
dass viele polyploide Arten keine gepaarten Chromosomen besitzen.) 

Nachstehend folgt eine Liste tiber die Chromosomenzahlen der 
untersuchten Arten, sowie eine kurze Beschreibung soicher Verhiltnisse 
bei den Pflanzen, die fiir die Beleuchtung der vorliegenden Frage 
Bedeutung haben kénnen. Die zum Vergleich benutzten Zahlen sind 
den von G. TISCHLER (1931) und L. O. GaIsER (1930) veréffentlichten 
Listen entnommen, auf deren Literaturverzeichnisse ich mir tibrigens 
hinzuweisen erlaube. 


II. CHROMOSOMENZAHLEN AUS DER SUD-SAHARA 
(TIMBUKTU). 


Cucumis prophetarum L. (Cucurbitacee) ist eine typische Wiisten- 
pflanze, die an den trockensten Orten zu wachsen vermag, wo sie am 
»gliihenden» Sand niederliegt und mehrjahrig ist. (Fig. 1; n= 12). 

Cucumis melo hat ebenfalls n= 12, dagegen besitzt C. sativus 
n= 7 (KozcHucHow). Ob C. prophetarum eine tetraploide Form einer 
der zahlreichen an feuchteren Orten vorkommenden, einjahrigen Arten 
ist, lasst sich auf Grund des vorliegenden Materials nicht entscheiden. 

Launaea integrifolia HAGERUP (Composite). Eine kleine Gattung 
typischer Wiistenpflanzen, von der man sonst keine Chromosomen- — 
zahlen kennt. In der nahestehenden Gattung Lactuca sind dagegen 
manche Arten mit n=—5, 8, 12, 16, 24 bekannt. Ein Grund, die Art 
als polyploid aufzufassen, liegt kaum vor. (Fig. 2; n= 8). 

Farsetia ramosissima Hocust. (Crucifere). Ein Zwergstrauch 
sehr trockner Orte. MANTON (in TISCHLER 1931) hat zwei andere 
Arten dieser Gattung mit n= 7—8 untersucht. Auf Grund des vor- 
liegenden Materials lisst es sich aber nicht entscheiden, ob die Art 
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tetraploid ist; jedoch kommt n=6 innerhalb der Cruciferen vor. 
(Fig. 3; n= 12). 

Ricinus communis L. (Euphorbiacez). Diese Art, hierzulande als 
einjahrige Pflanze angebaut, wird bei Timbuktu ein mehr als manns- 
hoher mehrjahriger Baum. Mehrere Forscher haben an Wurzelspitzen 
europaischen Materials n= 10 gezaihlt. Ich habe Bliitenknospen aus 
Afrika untersucht, die darlegten, dass die Pflanze in ihrer Heimat 
dieselbe Chromosomenzahl besitzt wie in Europa. (Fig. 4; n= 10). 

Neurada procumbens L. (Rosacez). Diese typische Wiistenpflanze 
wurde schon von MuURBECK (1916) untersucht, der n = 6 gefunden hat. 
Ich habe jedoch reichliches und gut konserviertes Material untersucht 
und niemals n = 6, sondern stets n = 7 festgestellt, was damit iiberein- 
stimmt, dass 7 die haufigste Grundzahl innerhalb der Rosaceen dar- 
stellt. Da MURBECK’s Material jedoch aus andern Gegenden der Sahara 
stammt, kénnen wir vielleicht mit zwei verschiedenen Rassen gearbeitet 
haben? (Fig. 5 und 6; n=7). 

Polygala triflora L. (Polygalaceze). Dieser kleine Strauch wichst 
an sehr trocknen Orten. Die merkwiirdige Zahl 19 lasst keine Poly- 
ploidie vermuten. Zum Vergleich habe ich Polygala vulgaris aus Dane- 
mark untersucht, die sich in ihrer Reduktionsteilung jedoch so unregel- 
massig verhielt, dass ich die Chromosomen nicht zahlen konnte. Auch 
sonst sind keine Chromosomenzahlen fiir die Gattung Polygala ver- 
6ffentlicht. (Fig. 7; n== 19). 

Capparis Rothii OLiv. (Capparidacee). Eine grosse, prachtvolle 
Liane, die ich bei Zinder in Franzésisch Nigeria an einem sehr trocknen 
Ort eingesammelt habe. In systematischer Hinsicht schliesst sie sich 
einer Gruppe von Arten an, die der Hauptart C. corymbosa LAM. sehr 
nahe stehen. Die Chromosomen liegen deutlich paarweise angeordnet 
(Fig. 8), was bedeuten kann, dass die Art tetraploid ist; ein Umstand, 
der vielleicht zur Erklarung des grossen Formenreichtums von C. co- 
rymbosa beitragen kann. Bei anderen Capparis-Arten hat KUHN n= 9, 
15, 19, ca. 42 festgestellt. (Fig. 8; n—=2 X 10). 

Euphorbia granulata Forsk. (Euphorbiacee). Ein kleines, nieder- 





Fig. 1—11. — 1: Cucumis prophetarum. Heterotypische Metaphase. X 2300. — 
2: Launaea integrifolia. Heterotypische Metaphase. > 2000. — 3: Farsetia ramosis- 
sima, Heterotypische Metaphase. X 2300. — 4: Ricinus communis. Heterotypische 
Anaphase. X 4600. — 5: Neurada procumbens. Heterotypische Metaphase. X 2300. 
— 6: Neurada procumbens. Homotypische Metaphase. X 2300. — 7: Polygala tri- 
flora, Heterotypische Metaphase. X 2300. — 8: Capparis Rothii. Heterotypische 
Metaphase. X 2300. — 9: Euphorbia granulata. Heterotypische Metaphase. X 2300. 
— 10: Euphorbia granulata. Homotypische Metaphase. X 2300. — 11: Euphorbia 
scordifolia. Homotypische Metaphase. > 2300. 
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liegendes Kraut sehr trockner Orte, das dem heissen Sand dicht ange- 
presst ist. Zum Vergleich zeigt Fig. 11 eine systematisch nahestehende 
Art, E. scordifolia JAcQ. (n = 10), die ebenfalls stark xerophil ist. Die 
zwei Arten wachsen oft vergesellschaftet und kénnen einander in ge- 
wissen Formen sehr 4hnlich sein. Fig. 9, 10 und 11 sind bei gleicher 
Vergrésserung gezeichnet, und man ersieht, dass die Pollenmutterzellen 
bei E. granulata am gréssten sind, obgleich diese die kleinste Art dar- 
stellt. Die Chromosomen liegen deutlich zu zweien, und es liegt nahe, 
E. granulata als eine tetraploide Form einer mit E. scordifolia nahe 
verwandten Art aufzufassen. Bei andern Euphorbia-Arten hat HARRISON 
(in TISCHLER 1931) n=10 und 20 vorgefunden. (Fig. 9—10; n= 
2X 10). 

Cocculus leaeba DC. (Menispermacee). Eine hochwachsende Liane, 
die in der Sahara einheimisch ist. Die Chromosomen klumpen sich 
stark zusammen, und es ist schwierig, sie zu zahlen, obgleich sie sehr 
gross sind. Nur wenige Arten dieser Familie sind zytologisch unter- 
sucht worden; LINDSAY (1930) hat jedoch bei Menispermum canadense 
n= 26 festgestellt. (Fig. 12; n= 13). 

Crotalaria arenaria BENTH. (Papilionacee). Ein mehrjahriger 
Zwergstrauch, der an den trockensten Orten wachsen kann. Zum Ver- 
gleich habe ich am Niger Crotalaria obovata G. DON. eingesammelt, 
ein kraftiges Unkraut mittelfeuchter Orte; auch hier war n=8 
(Fig. 14). Dies sind die einzigen Arten der Gattung, deren Chromo- 
somenzahlen bekannt sind; doch ist 8 eine gewohnliche Zahl innerhalb 
der Leguminosen. (Fig. 13; n= 8). 

Oldenlandia senegalensis H1ERN. (Rubiacexz). Ein hohes, schénes 
Kraut, das zwischen Gras an mittelfeuchten Orten wachst. Auf Schlamm 
wachst (periodischer Austrocknung ausgesetzt) die zarte O. capensis L., 
die 18 Chromosomen besitzt, die sehr deutlich gepaart sind und sogar 
in der heterotypischen Anaphase beisammen bleiben (Fig. 16). Die 
beiden Arten sehen sehr verschieden aus, sodass man beim ersten An- 
blick sich weigern méchte zu glauben, dass sie derselben Gattung ange- 
héren sollten. O. capensis scheint eine tetraploide Form zu sein, doch 
kaum von O. senegalensis. (Fig. 15; n= 9). 

Trianthema crystallina V. (Aizoacez). Die drei untersuchten Arten 
der Gattung sind alle Sukkulenten. T. polysperma Hocust. (Fig. 20), 
eine kleine einjahrige Pflanze feuchten Bodens, besitzt ein von den 
beiden anderen Arten abweichendes Aussehen. Dagegen ahneln T. pen- 
tandra L. (Fig. 19) und T. crystallina V. (Fig. 18) einander aufs héchste, 
sowohl im Standort (trockner Sand) als auch im Aussehen. T. pentan- 
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Fig. 12—23. — 12: Cocculus leaeba. Heterotypische Metaphase. X 2300. — 13: Cro- 
talaria arenaria. Homotypische Metaphase. X 2300. — 14: Crotalaria obovata. 
Diakinese. X 2300. — 15: Oldenlandia senegalensis. Heterotypische Metaphase. 
X 2300. — 16: Oldenlandia capensis. Heterotypische Metaphase. X 2300. — 17: 
Oldenlandia capensis. Heterotypische Anaphase. X 2300. — 18: Trianthema crystal- 
lina. Heterotypische Metaphase. X 2300. — 19: Trianthema pentandra. Hetero- 
typische Metaphase. X 2300. — 20: Trianthema polysperma. Homotypische Meta- 
phase. X 2300. — 21: Indigofera sessiliflora. Homotypische Metaphase. X 2300. — 
22: Indigofera diphylla. Heterotypische Metaphase. X 2300. — 23: Indigofera viscosa. 
Homotypische Metaphase. XX 2300. 
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dra besitzt n = 8, wahrend die weit kleinere T. crystallina (7 X 2 oder) 
8 X 2 Chromosomen fiihrt, die sehr deutlich paarweise angeordnet sind, 
als sei die Art tetraploid. (Fig. 18; n==7 X 2 oder 8 X 2). 
Indigofera sessiliflora DC. (Papilionacee). Dieser kleine Halb- 
strauch ist ein echter Xerophyt, dessen Sprosse auf dem gewaltig er- 
hitzten Wiistensand niederliegen. Dasselbe gilt fiir die verwandte 
I. diphylla, die jedoch nur die halbe Chromosomenzahl besitzt (n = 8, 
Fig. 22). JI. viscosa LaM. (Fig. 23) und I. aspera PErRR. (Fig. 24) be- 





Fig. 24—27. — 24: Indigofera aspera. Homotypische Metaphase. X 2300. — 25: 

Indigofera parviflora. Heterotypische Metaphase. X 2300. — 26: Bergia suffruticosa. 

Heterotypische Metaphase. X 2300. — 27: Bergia ammanoides. Homotypische 
: Anaphase. X 2300. 


wohnen mittelfeuchte Orte der Savanne; auch bei: ihnen ist n= 8, 
obgleich beide einer andern Sektion der Gattung angehoéren. [. parvi- 
flora HEYNE ist einjaihrig; sie besitzt grosse Pollenmutterzellen und 
Chromosomen, aber n==7. Bei zwei anderen I[ndigofera-Arten ist 
n = 24 (KREUTER 1929, TSCHECHOWA 1930). (Fig. 21; n= 16). 
Bergia suffruticosa FENZL. (Elatinacee). Bekanntlich sind die 
Elatinaceen meistens kleine, zarte Krauter feuchter Orte. Ein solcher 
Typus findet sich auch auf Schlamm bei Timbuktu, namlich die ein- 
jahrige Bergia ammanoides Rotu. (Fig. 27); sie besitzt sehr kleine 
Kerne und Chromosomen; die Chromosomenzahl ist n= 12. Derselben 








\e 








POLYPLOIDIE 27 


Gattung gehort ein ganz abweichender Typus an, namlich Bergia suffru- 
ticosa, eine heidekrautartige Wiistenpflanze, die an Empetrum erinnert. 
Mit Spannung untersuchte ich sie und stellte n = 18 fest. Die Art hat 
eine sehr isolierte Stellung innerhalb der Gattung, und es lasst sich 
schwerlich entscheiden, ob sie triploid ist. Bei zwei Elatine-Arten fand 
FRISENDAHL (1927) »ca. 20 Chromosomen». (Fig. 26; n= 18). 

Portulacca oleracea L. (Portulaccacee). Wie Fig. 28 zeigt, kommt 
Portulacca in zwei Formen vor, die so verschieden sind, dass man 
schon in einem Abstande von einigen Metern erkennen kann, welche 
man vor sich hat. Die eine ist schmachtiger, hat schmale Blatter und 
kleine Bliiten. Die andere ist robust, besitzt doppelt so grosse und 
breite, keilf6rmige Blatter. Vom systematischen Gesichtspunkte aus 
kénnte man sehr wohl die eine als Varietaét der andern aufstellen; doch 
sieht man gleich, dass sie sehr nahe verwandt sind, da die Verschieden- 
heiten wesentlich nur Gréssenunterschiede darstellen. Sie wachsen 
untereinander; leider habe ich zu wenig Herbarmaterial zur Verfiigung 
gehabt und kann daher nicht entscheiden, ob es die grosse Form ist, 
die am weitesten in die Sahara eindringt. 

Die kleine Form hat n= 9 (Fig. 29) gleichwie Portulacca grandi- 
flora (TJEBBES 1930). Bei der grossen Form (var. gigas) dagegen ist 
n= 27 (Fig. 30), und da sich keine anderen, ahnlichen Arten in der 
Nahe befinden, liegt kaum ein Grund vor daran zu zweifeln, dass die 
gréssere Form ein Hexaploid der kleineren darstellt. (Fig. 28—30; 
n=9 und 9 X 3). 

Aerva tomentosa Forsk. (Amaranthacee). Wie Fig. 30 A zeigt, ver- 
halt Aerva sich auf Ahnliche Weise wie Portulacca, indem es sowohl 
eine zarte, schmalblattrige (= var. Bovei WEBB.), als auch eine kraf- 
tige, breitblattrige Form gibt, die bei Timbuktu oft nebeneinander 
wachsen. Es ist die breitblattrige Form, die in den milderen Klimas 
gegen Siiden vorkommt, wahrend die schmalblattrige das Klima weit 
in die Sahara hinein ertragt (K. GRAM). Die beiden Typen besitzen 
also verschiedene Diirreresistenz, was in ihrer abweichenden geographi- 
schen Ausbreitung zum Ausdruck kommt. Leider kann ich nicht an- 
geben, welche von den beiden Formen die Gigas-Form ist, da seltsamer- 
weise simtliche Individuen bei Timbuktu weiblich sind; sie miissen 
sich also parthenogenetisch vermehren. Die Art vermehrt sich aus- 
schliesslich durch Samen, und Keimpflanzen sind sehr haufig. Es war 
mir nicht méglich die Chromosomen in den vegetativen Mitosen zu 
zihlen. (Fig. 30 A). 

Eragrostis cambessediana KUNTH (Graminez). Zu den interessan- 
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testen der untersuchten Typen gehéren jedenfalls einige Formen, di: 
sich in systematischer Hinsicht um Eragrostis cambessediana KUNTi: 
(Fig. 31 A) gruppieren, einem schénen Graschen, dass den Schlamm 
der Seeufer bewohnt, solange diese nicht unter Wasser stehen. Diese 
zarte Pflanze fordert die bestméglichen Standortsbedingungen, um 
leben zu kénnen, niimlich eine stets feuchte Erde und ausserdem eine 
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Fig. 28. Portulacca oleracea. Die zwei Formen: n= 9 und n= 3 X 9. 


stets dampfgesattigte Luft sehr hoher Temperatur (ca. 40°). Zu Beginn 
der Uberschwemmungen wird die Pflanze getétet, sie ist also nur ein- 
jahrig. Ihre Chromosomenzahl betragt nur 10. (Fig. 32). 

Ganz nahe der kleinen Seen, an deren Ufer E. cambessediana 
wachst, liegen die sehr trocknen Diinen, die eine ausgepragt xerophile 
Flora beherbergen. Am Fuss der Diinen, wo die Uberschwemmungen 
nicht hinaufreichen, gibt es mittelfeuchte Orte mit ihren speziellen 
Arten, die weder Hygrophyten noch Xerophyten sind. Hier findet sich 
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auch eine Eragrostis albida HitcuH. die E. cambessediana aufs héchste 
iihnelt. Sie ist haufig etwas kleiner (Fig. 31 B) und mit borstenférmigen 
Blattern versehen, weicht jedoch besonders dadurch ab, dass sie mehr- 
jahrig ist. Sie ist also im Stande das ganze Jahr hindurch zu arbeiten, 
da sie nicht so grosse Anspriiche an Luft und Bodenfeuchtigkeit hat, 
und daher ein weniger giinstiges Terrain zu bewohnen vermag als die 
anspruchsvolle E. cambessediana, dessen tetraploide Form sie offenbar 
darstellt. (Fig. 33). 

Steigen wir nun etwas héher hinauf auf die Diine, gelangen wir 
zu Lokalitaten, die noch viel trockner sind, indem nicht nur die Luft, 
sondern auch die Erde bis auf 80° erwarmt wird. Hier kénnen die 
beiden erwahnten Arten nicht wachsen; jedoch treffen wir nun eine 





Fig. 29. Portulacca oleracea. Homotypische Metaphase (n= 9). X 2300. 
Fig. 30. Portulacca oleracea var. gigas. Heterotypische Metaphase (n = 27). X 2300. 


Eragrostis pallescens HitcH. Sie ahnelt auch den beiden vorigen Arten 
(Fig. 31 C), weicht jedoch besonders dadurch ab, dass sie ebenso kraftig 
ist, wie unsre einheimische Dactylis; sie besitzt recht breite Blatter, die 
sich jedoch einrollen kénnen. Die Art ist mehrjahrig und steht auch in 
der langen, intensiven Trockenzeit mit lebendigen Blattern, besitzt also 
eine sehr grosse Diirreresistenz; ihre Chromosomenzahl ist 40. (Fig. 34). 

Als ich die Pflanzen einsammelte, konnte ich keine anderen Ver- 
schiedenheiten erkennen, als Gréssen- und Standortsunterschiede, wes- 
halb ich sie fiir polyploide Formen derselben Art hielt. Um jedoch 
eine objektive Beurteilung der Frage zu erhalten, habe ich die Pflanzen 
dem bekannten Gras-Spezialisten Dr. A. S. HITCHCOCK zugesandt, der 
die beiden Formen als neue Arten beschrieben hat. Es hat in dieser 
Verbindung jedoch keine entscheidende Bedeutung, welchen systemati- 
schen Wert man den beiden neuen Formen beimisst. 
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Bei anderen Eragrostis-Arten stellte AVDULOW (1931) die Zahlen 
10, 20 und 30 fest. 


III. ZUSAMMENFASSENDE BETRACHTUNGEN. 


Im vorhergehenden Abschnitt wurde das Resultat einer zytologi- 
schen Untersuchung folgender 29 Pflanzenarten aus der Umgebung von 
Timbuktu in der siidlichen Sahara mitgeteilt: 


n= 


Cucumis prophetarum .............. 12 
Launaeca iniegrifolia ............00005 8 
Farsetia ramosissima ..............4. 12 
| TTT TTT TT eT e eee 10 
Nemrada PTOCHMDENS ... 2.0.06 crssees 7 
IE 5 vse wie ain som uw Sid 19 
Ee ee ee re ee eee 2X 10 
Euphorbia granulata ..............-. 2X 10 
» DN G55 «denen oaexe 10 
NE IR sso hos ad se sswsdes nas 13 
Crotalaria arenaria ...............2055 8 
» ee 8 
Oldenlandia senegalensis ............. 9 
> | eee Tee eee 2x9 
Trianthema crystallina .............. 2X 8 (oder 2 X 7) 
» 0 Eee 8 
» Ee ee ee 8 
Indigofera sessiliflora ................. 2X8 
> ee re ere ee 8 
» Ee ere ee ere 8 
» ee eee eer rt ees 8 
> aspera 55S Ra oo 8 
PUTT eT 18 
2 ee eee 12 
i ee eee 9 
> > wer gigas ........ 3X9 
Eragrostis cambessediana ............ 10 
> Ais es Wiess ieee wes 20 
» SN kas wisscves¥ecwe 40 


Die Auswahl der Arten ist recht beliebig; doch habe ich nament- 
lich solche Typen untersucht, die mit nahe verwandten Formen von 
womodglich gleicher Gattung und aus derselben Gegend verglichen wer- 
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Fig. 30 A. Aerva tomentosa; die zwei Formen. 
den konnten. Ausserdem habe ich die etwas mangelhafte Methode 
benutzt, die darin besteht, zu untersuchen, ob die Chromosomen paar- 
weise angeordnet liegen. Auf diese Weise ist es — mit einem grésseren 
oder geringeren Grad von Sicherheit — gelungen, bei mehr als der Halfte 
der untersuchten 17 Gattungen eine Polyploidie nachzuweisen; am deut- 
lichsten war diese in den Gattungen Portulacca (Fig. 28) und Eragrostis 
(Fig. 31). 
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Ausserdem fand ich, dass noch folgende Arten in zwei Formen, 
einer grésseren und einer kleineren, auftraten: Aerva tomentosa FORSK. 
(Fig. 30 A) (Amaranthacee), Glinus lotoides LOEFL. (Aizoaceze) und 
Polycarpon Loejflingii BENTH. & HooKk. (Caryophyllacez); jedoch habe 
ich bei diesen Arten die beziiglichen Chromosomenzahlen nicht fest- 
stellen kénnen. 

Die gefundenen polyploiden Typen weichen von den entsprechen- 
den diploiden Arten ab: 1) Morphologisch; 2) Okologisch und pflanzen- 
geographisch (Lebensform); 3) Genetisch. 

In morphologischer Hinsicht weichen die Formen mit den héheren 
Chromosomenzahlen (die »Polyploiden») namentlich durch Gréssen- 
unterschiede ab. Meistens ist die polyploide Form die grésste, z. B. 
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Fig. 32. Eragrostis cambessediana. Heterotypische Metaphase. X 4600. n= 10. 
Fig. 33. Eragrostis albida. Heterotypische Metaphase. X 4600. n= 20. 
Fig. 34. Eragrostis pallescens. Heterotypische Metaphase. X 4600. n= 40. 


Portulacca und Eragrostis, und verdient also die Bezeichnung »Gigas». 
Seltener findet man die hohen Chromosomenzahlen bei relativ kleinen 
Arten, z. B. bei Oldenlandia capensis, Trianthema; und in der Arktis 
ist Kalmia glauca (n = 24) viel kleiner als K. latifolia (n = 12). 
Besonders interessant ist aber, dass mit dem erhéhten Chromo- 
somenbestand auch eine gesteigerte »Vitalitdt» (vegetative Kraft) folgen 
kann, so dass die Pflanze eine gréssere Widerstandsfdhigkeit gegen Aus- 
trocknung besitzi. Hieraus kann wieder resultieren, dass die polyploide 
Pflanze nun die ganze furchtbare Trockenzeit tiberleben kann, so dass 
sie also ihre Lebensform gewechselt hat. So ist z. B. Eragrostis cam- 
bessediana (n 10) Therophyt, wahrend sowohl E. albida (n = 20) 
als auch E. pallescens (n= 40) Hemikryptophyten (RAUNKI4R) sind. 
Wir sahen schon, dass gewisse Polyploiden (z. B. Eragrostis) auf 
einem Boden wachsen kénnen, der der diploiden Form schon zu un- 
Hereditas XVI. 3 
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giinstig ist. Mit andern Worten: die geographischen Grenzen der Ari 
verschieben sich, wenn Polyploidie eintritt. 

Die Art kann durch Polyploidie ihre Ausbreitung verandern, nicht 
nur beziiglich ihrer Standortsverhaltnisse, sondern auch in geographi- 
scher Hinsicht (Aerva). Falls diese Hypothese, die bisher nur auf ganz 
wenige Beobachtungen fusst, sich als stichhaltig erweisen wiirde, kénnte 
man annehmen, in den giinstigen Klimaten der Erde (z. B. im tropi- 
schen Regenwald) verhialtnismassig viel niedrige, dagegen z. B. in 
Wiisten und arktischen Gebieten héhere Zahlen zu finden. 

Auch bei anderen Pflanzen kennt man 4hnliche Erscheinungen; 
namentlich sind TURESSONs (1930) Untersuchungen iiber Festuca ovina 
interessant: Mit zunehmender Polyploidie wurden die Pflanzen vegetativ 
kraftiger, wahrend die Fertilitat abnahm (Viviparie). 

Endlich sei noch erwahnt, dass die Polyploiden neue genetische 
Moglichkeiten enthalten kénnen. Dass die Polyploidie erblich sein kann, 
zeigt z. B. Empetrum hermaphroditum, das oft in den nérdlichsten 
Gegenden der Erde vorherrscht, wo die diploide Form (E. nigrum) gar 
nicht leben kann. Rein theoretisch gibt es viele neue Kombinations- 
mdéglichkeiten; man denke sich z. B. eine tetraploide Form mit einer 
diploiden derselben oder einer nahestehenden Art gekreuzt. Bei Bi- 
cornes findet sich, wie schon erwahnt, eine schéne 6-Reihe; unter diesen 
Zahlen kommt indessen auch die Zahl 23 (Pyrola) vor, die wohl sicher 
von der Zahl 24 = 2 X 12 abzuleiten ist. Eine Phase der phylogeneti- 
schen Entwicklung, die Pyrola durchlaufen hat und die zur Zahl 23 
gefiihrt hat, wiirde dann schematisch als (2 12) + 1 zu schreiben sein. 
Die ‘Polyploidie kann also bei der weiteren phylogenetischen Entwick- 
lung beibehalten werden. Vielleicht stirbt auch die tetraploide Form 
aus, weil sie die schwichere ist, und wir erhalten die multiplen Chro- 
mosomenreihen, die fiir viele systematische Einheiten so charakteristisch 
sind. ; 

Tiefergehende Untersuchungen miissen entscheiden, welche Rolle 
die Polyploidie bei den Prozessen, die zur Artbildung fihren, spielt; 
dass den Polyploiden jedoch eine grosse Rolle zukommt, davon zeugen 
offenbar die haufigen Reihen multipler Chromosomenzahlen. »II est 
raisonnable d’admettre que la polyploidie est un facteur qui peut avoir 
son influence dans l’évolution du genre» (FERNANDES 1931, p. 107). 

Beziiglich der Frage, wie Polyploidie entstehen kann, wissen wir, 
dass diese sowohl in vegetativen Zellen, als auch nach Bastardierung 
zustande kommen kann (ROSENBERG, MUNTZING). In diesem Zusam- 
menhang ist es nun besonders interessant, dass Polyploidie durch direkte 
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Einwirkung dusserer Faktoren (sowohl auf Soma als auch auf junge 
Geschlechtszellen) herbeigefihrt werden kann. Durch Wundreiz brachte 
DE MOL polyploide hollandische Blumenzwiebeln hervor, und auf ahn- 
liche Weise entstanden JORGENSEN’s polyploide Solanaceen. Auch Ge- 
schlechtszellen kénnen durch Einfluss verschiedener diusserer Faktoren 
polyploid werden, eine Erscheinung, die in jiingster Zeit von einer Reihe 
von Forschern untersucht worden ist. Man hat sich dabei der ver- 
schiedensten Einwirkungsmethoden und Pflanzen bedient: GOODSPEED 
(1930) hat Réntgenstrahlen angewandt, HEILBRONN. (1928) arbeitete 
mit Farnen, MICHAELIS (1928) mit Oenothera und Epilobium. Am 
besten untersucht sind indessen die durch Temperaturveranderungen 
hervorgerufenen Wirkungen. Schon 1922 machte BORGENSTAM ein- 
leitende Versuche. Viele andere Forscher sind ihm spater nachgefolgt: 
SAKAMURA und Stow (1926), SHimoToMal (1927), Stow (1930), 
HEILBORN (1928—30) und manche andere kénnten noch genannt wer- 
den; da aber die wichtigsten Arbeiten bei HEILBORN (1930) ausfiihrlich 
referiert sind, begniige ich mich hier mit einem Hinweis auf diese Arbeit. 
Als Hauptresultat geht aus den erwahnten Untersuchungen hervor, dass 
durch Einfluss extremer, sowohl hoher als niedriger Temperaturen, 
Geschlechtszellen mit abweichenden, oft gerade polyploiden Chromo- 
somenzahlen entstehen kénnen. 

Polyploiden kénnen also durch starke dGussere Einwirkungen ent- 
stehen. In der Kultur werden den Pflanzen oft solche ihnen unnatiir- 
liche 4ussere Bedingungen geboten. Man kreuzt sie z. B.; die gréssten 
polyploiden Exemplare werden dann als die ertragreichsten aussortiert. 
Ubereinstimmenderweise wurden die ersten Polyploiden bei angebauten 
Pflanzen entdeckt. Der erste wildwachsende Polyploid wurde von PACE 
1914 gefunden, der nachste von JORGENSEN (1923) und in den Jahren 
1927—30 sind mehrere neue Faille wildwachsender Polyploiden ver- 
6ffentlicht worden (z. B. Viola). Eine vollstandige Liste derselben gibt 
CLAUSEN (1931). In den nachsten Jahren wird sich wohl erweisen, dass 
Polyploidie auch in der freien Natur eine recht allgemeine Erschei- 
nung ist. 

Will man nach der Ursache des Entstehens der Polyploiden in der 
Natur fragen, so liegt es nahe darauf hinzuweisen, dass‘ solche extreme 
dussere Bedingungen, die in den Laboratorien Polyploidie herbeifiihren 
kénnen, auch in der Natur vorkommen. Im Jahre 1924 beobachtete 
ich z. B., dass Empetrum in Nord-Grénland zur Zeit der Reduktions- 
teilung in der Nacht einer Kalte von mehr als + 5° ausgesetzt worden 
ist. Am friihen Morgen waren die Bliitenknospen von einer dicken 
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Eiskapsel umgeben und waren Druck und Abkihlung ausgesetzt; dann 
kommt pl6tzlich die Warme; die Pflanze wachst weiter und die Reduk- 
tionsteilung wird fortgesetzt. 

Nicht nur die niedrigen Temperaturen der Laboratorien, auch die 
hohen findet man in der Natur wieder. In der siidlichen Sahara musste 
ich dicksohliges Winterfusszeug anhaben, wenn ich zwischen den Sand- 
pflanzen gehen wollte ohne die Fiisse zu verbrennen. Der Sand ist 
namlich an den meisten Tagen des Jahres auf 70—80° C erhitzt, also 
eine Temperatur, die man im Laboratorium als iiber »die kritische 
Temperatur» liegend erachten wiirde, und die weit héher ist als die 
Temperaturen, die bei den Laboratoriumversuche die Entstehung von 
Polyploiden verursachen. Aber bei diesen fiir den Menschen so kriti- 
schen Temperaturen fiihren die Pflanzen Reduktionsteilungen aus; 
meine Fixierungen zeigen, dass die Pflanzen selbst in den warmsten 
Augenblicken der heissesten Tage in Reduktionsteilung stehen, selbst an 
den am starksten erhitzten Orten, wo ein Mensch nur kurze Zeit zu 
leben vermag. Die Teilungen finden hier zu allen Tageszeiten statt; doch 
sind die Chromosomen, wenn es am warmsten ist, dicht zusammenge- 
klumpt, so dass man sie bei Boerhaavia repens z. B. nicht zahlen kann. 

Wir miissen also damit rechnen, dass es nicht nur in den Labora- 
torien solche Temperaturen gibt, die Polyploide hervorbringen kénnen; 
die Natur macht dieselben »Versuche» mit demselben Resultate wie 
oben beschrieben. 

Und wie der Gartner sich die lebensfahigsten Individuen zur Zucht 
herauswahlt, so erfolgt z. B. bei Timbuktu ebenfalls die interessanteste 
»natural selection» in folgender Weise. Nach Verlauf einer ca. ‘. 
jahrigen furchtbaren Trockenzeit wird die Regenzeit von entsetzlichen 
Sandstiirmen eingeleitet, die den Wiistensand mit den darin enthaltenen 
Samen fast simtlicher Arten hoch iiber die Hausdicher emporheben. 
Am Morgen nach einem solchen Sturm sieht man die Negersoldaten 
oben auf dem flachen Tondach der Festung die hier hinauftransportierte 
Masse in grossen Mengen hinunterschaufeln. Wie effektiv diese Samen- 
verbreitung ist enthiillt bald die Regenzeit, denn dann ist selbst der 
grosse Turm der stattlichen Moschee ganz bis an die Spitze mit Keim- 
pflanzen von Portulacca, Tribulus, Boerhaavia usw. bedeckt, dessen 
Samen der Wind dahin gebracht hat. Wenige Tage spater ist die dde 
Wiistenlandschaft umgewandelt, und mit einem Griin von der Uppig- 
keit eines tropischen Regenwaldes bekleidet; und der Wettlauf um die 
Samenreife geschieht in der gewaltigen Warme und Feuchtigkeit mit 
fieberhafter Geschwindigkeit. 
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Nach Verlauf eines Monats fangt der Regen an abzunehmen, und 
dann kommt der Wettlauf mit dem Tode, vielleicht die interessanteste 
Phase des ganzen »Abenteuers». Zuerst sterben die Hygrophyten, die 
der Wind auf den Diinen ausgesat hat; dann folgen die Mesophyten 
im Wiistensand usw. Alle Arten stehen jetzt mit Bliitenknospen in der 
Reduktionsteilung, und jetzt ist die Diirre und Wadrme derart, dass 
Polyploide in der Natur wie im Laboratorium entstehen kénnen. Die 
Samen aller Arten sind vom Wind an sdémtlichen Orten ausgesdt, und 
nun bewirkt das Klima die Auslese der wenigen Arten, die auf den ver- 
schiedenen Lokalitdten »the fittest» sind. Wurden z. B. die drei 
Eragrostis-Arten auf den Gipfeln der Diinen ausgesat, stirbt zuerst die 
Form mit n= 10 (E. cambessediana), dann die mit n = 20 (E. albida), 
und nur die mit n= 40 (E. pallescens) bleibt iibrig. 

In dieser Arbeit ist namentlich der Einfluss der Temperatur (und 
dem davon abhangigen Feuchtigkeitsgrad) auf das Entstehen der Poly- 
ploidie beriicksichtigt worden. Die nachste Aufgabe ware dann die 
Bedeutung auch derjenigen anderen Verhaltnisse zu untersuchen, die 
das Leben der Pflanze draussen in der Natur bedingen. Die ganz 
wenigen Laboratoriumversuche, die vorliegen, lassen vermuten, dass 
wenn z. B. Austrocknung, gewisse Lichtstrahlen, Wundreiz usw. Poly- 
ploidie herbeifiihren kénnen, dann vielleicht auch andere Verhaltnisse 
(z. B. Wasserstoffionenkonzentration), die das Gedeihen der Pflanzen 
in der Natur bedrohen, die Chromosomenzahlen der Pflanzen andern 
kénnten. Dadurch wiirden neue Typen entstehen, die einen andern 
6kologischen, pflanzengeographischen und genetischen Wert besdssen. 
Dabei brauchten nicht nur solche Typen zu entstehen, die gréssere 
Diirre ertragen, sondern vielleicht gerade solche, die mehr Feuchtigkeit 
ertragen kénnten. So war der kleine Hygrophyt Oldenlandia capensis 
tetraploid, im Gegensatz zu O. senegalensis, der auf einem trockneren 
Boden wiachst, wie auch die meisten anderen Arten der grossen Gattung. 
Natirlich darf man nicht annehmen, dass ausschliesslich in den kal- 
testen und wdrmsten Gegenden der Erde Polyploide zu finden sind; 
solche gibt es vermutlich in allen Gegenden der Erde, wo die Pflanzen 
ihnen feindlichen dusseren Einwirkungen ausgesetzt sind. 

Die durch Polyploidie entstandene »Anpassung» ist demnach nicht 
langsam und kontinuierlich entstanden (LAMARCK), sondern gerade 
stossweise wie eine Mutation. 

Eine befriedigende Beantwortung aller dieser Fragen muss der 
Zukunft vorbehalten werden. Die schon vorliegenden wenigen Beobach- 
tungen lassen jedoch vermuten, dass wir durch Studien tiber Poly- 
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ploidie das Problem der Anpassung und der Phylogenie der Pflanzen 
— ausgehend von der Einwirkung dusserer Faktoren — in neuem 
Licht sehen werden. 

Bei Hinblick auf diese allgemeinen Zusammenhange zwischen zyto- 
logischen und pflanzengeographischen Problemen erkennt man schon 
jetzt die Linien einer kiinftigen Arbeitsgemeinschaft einiger Haupt- 
zweige der botanischen Wissenschaften, die einander bisher ferne 
standen. 


IV. ZUSAMMENFASSUNG. 


1. In vorliegender Arbeit (S. 30) werden die Chromosomenzahlen 
(n) von 29 Pflanzen der siidlichen Sahara mitgeteilt. 

2. Ein Teil der untersuchten Pflanzen sind Polyploide, die im 
Vergleich mit ihren Stammarten neue a) genetische und b) morpho- 
logische Eigenschaften erworben haben, wodurch sie befahigt wurden 
an anderen Orten zu wachsen, sodass sie sowohl einen neuen c) ékologi- 
schen als auch d) pflanzengeographischen Wert besitzen kénnen. 

3. Laboratoriumversuche anderer Forscher haben erwiesen, dass 
Polyploide durch Einfluss ungiinstiger 4usserer Einwirkungen (Warme, 
Kalte usw.) entstehen kénnen. Da die Pflanzen in der Natur (z. B. 
Sahara) ahnlichen extremen Umweltbedingungen ausgesetzt sind wie 
die bei den Laboratoriumversuchen verwandten, darf man annehmen, 
dass Polyploide auch in der Natur infolge ungiinstiger dusserer Ein- 
wirkungen entstehen. 

4. Die Konsequenzen hiervon sind, dass die dusseren Faktoren, 
indem sie Polyploide hervorbringen, anscheinend bei den artbildenden 
Prozessen stark mitwirken, (Ausfiihrliches findet man S. 30—37), und 
dadurch wohl das Entstehen neuer Arten veranlassen kénnen. 

Das Carlsbergfond in Kopenhagen hat mehrere Jahre hindurch 
sowohl meine Studienreisen als auch die Bearbeitung des eingesammel- 
ten Materials unterstiitzt; ich erlaube mir hiermit, der Direktion des 
Fonds meinen aufrichtigen Dank auszusprechen. 
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EINLEITUNG. 


AHREND der grossartigen Entwicklung der experimentellen 

Botanik und Pflanzenembryologie im Anfange dieses Jahr- 
hunderts wurde die Aufmerksamkeit durch eine Reihe von Unter- 
suchungen vor allem von JUEL, MURBECK, OSTENFELD, STRASBURGER 
und ROSENBERG auf das haufige Vorkommen ohne Befruchtung ent- 
wickelter diploider Embryonen innerhalb der Pflanzengattungen ge- 
lenkt. Besonders bei den Arten und Artengruppen der polymorphen 
Pflanzengattungen Rosa, Rubus, Taraxacum und Hieracium, die seit 
altem als schwer klarzulegend betrachtet wurden, trugen diese Ent- 
deckungen zur Erklairung der Verbreitung und relativen Konstanz der 
zahlreichen ohne Zweifel hybridogenen Formen bei. In dieser letzten 
Hinsicht grundlegend waren die Kreuzungen LipForss’ (1907, 1914) 
zwischen Rubus plicatus und cesius (sowie auch tomentosus X vestitus, 
polyanthemus X Bellardii etc.), wobei die vielférmige Nachkommen- 
schaft in F, unzweideutig zeigte, dass die benutzten Eltern stark hetero- 
zygot waren, und dasselbe ging auch aus OSTENFELDs Kreuzungsexperi- 
menten (1910) in der Hieracium Pilosella-Gruppe, z. B. zwischen 
H. auricula und aurantiacum, hervor. 

Etliche neue Probleme entstanden aber und es waren vor allem 
zwei, die friih in den Brennpunkt des Interesses traten: die Ursachen 
fiir die Entstehung der apomiktischen Fortpflanzungsweise, ob eine 
unmittelbare Folge der postulierten Hybridisierung (ERNST 1918) oder 
nur eine Erscheinung, von dieser unabhangig und von inneren geneti- 
schen Faktoren bedingt (WINKLER 1920), und die Wege, auf denen die 
Neubildung der zahlreichen Biotypen in den fraglichen Gattungen er- 
folgt ist, ob durch sexuelle Spaltungs- und Wiederkreuzungsprodukte 
oder auf vegetativem Weg durch sprungweise Verainderungen der Gen- 
masse der Biotypen. Mit Ausnahme der klassischen Arbeiten von 
LIDFORSS und OSTENFELD sind nur wenige experimentelle Studien aus- 
gefiihrt worden, und die zahlreichen zytologischen Untersuchungen 
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haben die Probleme nicht zu voller Klarheit bringen kénnen. Als ici: 
im Friihjahr 1930 die Gattung Taraxacum zur Behandlung aufnahm, 
schien es mir daher erforderlich sowohl experimentell durch Kastra- 
tions-, Kreuzungs- und Formenbildungsuntersuchungen als auf zytologi- 
schem und embryologischem Weg die Bedingungen fiir die Entstehungs- 
weise und Fortpflanzungsverhiltnisse eines der parthenogenetischen 
Formenkreise klarzulegen. 

Die etwa 150 verschiedenen Taraxacum-Biotypen, die ich jetzi 
auf den Svaléfer Versuchsfeldern in Kultur habe, sind zum Teil auf 
Reisen in verschiedenen Gegenden Schwedens eingesammelt worden. 
Viele interessante Klonen habe ich auch von den Herren G. HAGLUND, 
Uppsala, T. BORGVALL, Gothenburg, E. SODERBERG, Stockholm, Pro- 
fessor C. SKOTTSBERG, Gothenburg, und vor allem durch den Herrn 
Akademiegirtner N. HAGMAN, Lund, bekommen. Sowohl diesen als 
auch Herrn Dozent A. HAKANSSON, Lund, der mir mit Ratschlagen hin- 
sichtlich der zytologischen Technik beigestanden hat, spreche ich 
meinen herzlichsten Dank aus. 


KASTRATIONSVERSUCHE UND CHROMOSOMENZAHLEN,. 


Die skandinavische Tararacum-Flora, deren Erforschung und 
Klarlegung wir vor allem den Arbeiten DAHLSTEDTs verdanken, wird 
am besten in sechs grosse Hauptgruppen eingeteilt: Erythrosperma, 
Obliqua (+ Dissimilia), Palustria, Spectabilia, Ceratophora, Vulgaria 
(+ die unten aufgestellten T. maculigerum-Gruppe). Die morphologi- 
schen, biologischen und zytologischen Charaktere dieser Gruppen be- 
rechtigen zu der Annahme, dass ihre Zusammensetzung und phylo- 
genetische Abstammung im grossen gesehen verschieden, die Gruppen 
natiirlich und nach der von TURESSON (1929) aufgestellten Terminologie 
als verschiedene Agamospezies zu betrachten sind. 

Durch RAUNKI@Rs Untersuchungen (1903) wurde experimentell 
bewiesen, dass sdmtliche von ihm untersuchte Taraxacum-Biotypen 
ohne Befruchtung Samen ausbilden. Untersucht wurden in Erythro- 
sperma T. decipiens RAUNK. (bildet keinen Pollen), in Spectabilia 
T. croceum Dt. (ohne Pollen), in Palustria T. paludosum Scop. 
(=T. balticum Dt.?; ohne Pollen), in Vulgaria T. Ostenfeldii RAUNK. 
(ohne Pollen), T. »vulgare» Lam. (Pollen), T. Gelertii RAUNK. (Pollen), 
T. speciosum RAUNK. (ohne Pollen) und ausserdem zwei Biotypen aus 
dem Siidwesten Europas und aus Vorderasien ausserhalb der grossen 
apomiktischen Formenkreise T. obovatum DC. und T. glaucanthum DC. 
(nach HANDEL MAZZETTI mit T. dissectum LEDEB. identisch). 
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Durch diese Kastrationsversuche hielt sich RAUNKIAZR berechtigt 
anzunehmen, dass tiberhaupt alle Taraxacum-Arten apomiktisch sind 
und die Parthenogenesis von Kreuzungen unabhdngig entstanden ist, 
ehe noch die jetzigen Arten und Formen ausdifferentiert worden waren. 
Wenn man bedenkt, dass nur in Schweden durch DAHLSTEDTs Be- 
schreibungen 14 Arten innerhalb Erythrosperma, 4 innerhalb Obliqua, 
4 innerhalb Ceratophora, 6 innerhalb Palustria, 14 innerhalb Specta- 
bilia und 62 innerhalb Vulgaria bekannt sind, und dass die Gattung 
Taraxacum in eine ganze Reihe sehr verschiedener, ungleich alter Sek- 
tionen eingeteilt ist, scheint diese Annahme recht kiihn zu sein. Auch 
zeigte ROSENBERG schon 1909 normale Reduktionsteilung bei einer von 
DAHLSTEDT kultivierten, zum Vulgaria-Komplex gehérigen unbeschrie- 
benen Art, T. confertum (DAHLSTEDT 1920; extraskandinavisch?), das 
Auftreten von acht Doppelchromosomen und die Ausbildung einer 
Makrosporentetrade zum Unterschied der von MURBECK (1904) und 
JUEL (1905) untersuchten Biotypen, wo die Makrosporenmutterzelle 
nur eine Dyade und einen mit der diploiden Chromosomenzahl ver- 
sehenen Embryosack bildet. 1910 und 1913 fanden IKENO und OsAWA 
noch eine sexuelle Art, T. platycarpum DT., am nachsten zum Cerato- 
phora-Komplex gehérig (DAHLSTEDT 1907 a, S. 3), die sich durch di- 
ploide Chromosomenzahl, normale Reduktionsteilung und Makrosporen- 
tetrade auszeichnet. 

Fiir ein tieferes Eindringen in die Entwicklungsgeschichte dieser 
Gattung schien es mir notwendig, Kastrationsexperimente in grossem 
Umfange auszufiihren, und schon im Herbst 1930 gelang es mir, noch 
eine sexuelle Art 1929: 4, aus Palermo unter dem Namen von T. mini- 
mum (= megalorrhizon HAND. MAzz.?) erhalten, zu finden, die auf 
Grund der Resultate zahlreicher Kastrationen (etwa 10 Bliitenkérbe), 
der kleinen Chromosomenzahl und der normalen Teilungen der Pollen- 
mutterzellen als sexuell betrachtet werden muss. Die unten angege- 
benen Kastrationen, die nach der von RAUNKI4R und OSTENFELD be- 
schriebenen Methode ausgefiihrt sind, sowie das Vorkommen der tri- 
ploiden Chromosomenzahlen* in der Gattung berechtigen zu der 
Annahme, dass sexuelle Biotypen innerhalb der apomiktischen Formen- 
kreise, insbesondere natiirlich der triploiden Gruppen — wenn sie iiber- 


1 An und fiir sich berechtigen die triploiden Zahlen nicht zur Annahme von 
Apomixis. Vollsténdige Paarung der Chromosomen kénnte ja durch Autosyndese 
hervorgebracht werden. Bisherige Untersuchungen der Reduktionsteilung, iiber die 
ich spater berichten werde, haben gezeigt, dass Stérungen der Meiosis, z. B. mangel- 
hafte oder fehlende Paarung der Chromosomen, in hohem Grad vorkommen. 
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haupt vorkommen (7. confertum Dt.?) — dusserst selten sind; auch 
die untersuchten Tetraploiden, 1930: 128 und die Spectabilia-Formen, 
haben sich als apomiktisch erwiesen, und das Vorkommen fakultativer 
Sexualitat unter diesen letzteren in dem Sinne, dass es neben den 
parthenogenetischen auch sexuelle Biotypen geben wiirde (DAHLSTEDT 
1923), ist sehr unwahrscheinlich. Die zahlreichen negativen Kastra- 
tionen beruhen darauf, dass anfangs ein zu grosser Teil des Bliiten- 
korbes weggeschnitten wurde; es geniigt natiirlich schon, die obersten 
Teile der Griffel zu entfernen. Die Pergamintiiten wurden stets erst 
ein paar Tage nach dem Kastrieren aufgesetzt, sodass konstatiert wer- 
den konnte, dass die Narben immer mit weggenommen worden waren. 


KASTRATIONSVERSUCHE. 
Erythrosperma. : Anz. kastr. Positive Negative 
Individuen Kastr. Kastr. 

1929:6: Briinn, Botanischer Garten, unter dem Namen 
Ti INE Fos. Si bias seo eh as So SONS ewes 5 17 0 
1930: 1 DCR WRRCN, MOUND 5. oka oss 546s oasicrseeeees 4 9 0 
1930: 2: » S- seitnn ces ens eeee ee eas eee 1 2 0 
1930: 6: » To RS SS Se sss ee eer Ieee 3 6 0 
1930: 26: > PEMD Sao ea isa sre soe ye oes wees 2 3 1 
1930: 32: » Schonen, Limhamn .............. 1 1 0 
1930: 36: » » es: Soe oe eee eeww 3 3 0 
1930: 40: > PMIMIMNENS 55% coo he cee bam sews eais 5 a 0 
1930: 53: » MUD iss oa Sek onesies oN ees 4 4 0 
1930: 56: » bt = ee aes Ceeho’ Soke sae 25 27 ‘1 
1930: 71: » MISOUNENN 2c oc asakeaekens es 3 4 0 
1930: 75: » ° Bo) 2 2 Ete ae teas 1 2 0 
1930: 83: » bo.  hpecankia couse uiwanes 2 2 0 
1930: 109: > Schonen, Aus: ooo. sn05s0eese0 5 6 0 
1930: 128: » ES SSA Freee 2 2 0 
1930: 167: » D. DSSS NEGG ee SRaRe Asn ascoe ses 6 8 0 
1930: 220 pte ERE Cots Ce eee a ee cone Reon eee 6 10 1 
1930: 222: > ob: “Sec haue kee seeaek Cast. Son. 2 2 1 
1930: 250: > Insel Oland, Farjestaden ......... 4 6 0 
1930: 257: » SmAaland, Nybro ...............-. 6 6 1 

1930: 286: » Gothenburg, unter dem Namen 
T. lacistophyllum Dt. (BORGVALL) 4 4 1 

1930: 287: » Gothenburg, unter dem Namen 
T. brachyglossum Dt.? (BORGVALL) 6 6 1 

Obliqua. . 

1930: 292: T. obliquum Fr., Schweden: Insel Oland, 

WETIVAANME = occu, 6 sets 5 s\ciaic joe ere aie bielee cess 2 1? 10 


1 Inwieweit das schlechte Resultat bei Kastrationen dieses Biotypus auf die 
Kastrationsmethoden, die kleinen Bliiten oder innere Ursachen zuriickzufiihren ist, 
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wage ich noch nicht mit Bestimmtheit zu sagen. Ein von Gothenburg erhaltener Bio- 
typus dieser Art hat sich indessen als triploid erwiesen (s. S. 52). 
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44: 
49: 


-_ 


294: 


Anz. kastr. 
Individuen 


T. platygiossum RAUNK., Schweden, Falsterbo 


» » » » » 


Vulgaria. 


Leningrad, unter dem Namen 7. interruptum 
Dr. erhalten 

» unter dem Namen T. copidophyl- 
PTR TOT: CTTORIEND 6 9550.50 60.4.c1050sieis 

> unter dem Namen 7. maculigerum 
LINDB, FIL. erhalten ............. 

» unter dem Namen T. duplidens 
LInbDB. FIL. erhalten ............. 

Roston Don, unter dem Namen T. palustre 
RORINDENT ESE sic vcce ata or0r0s00h es dcosng o%s 6s siarhwieg sisiwieiere 
Leningrad, unter dem Namen T. involucratum 
Dr. erhalten 

» unter dem Namen T. parvuliceps 
LINDB. FIL. erhalten ............-+ 

Gorky, unter dem Namen T. officinale erhalten 
Bukarest, unter dem Namen 7. officinale er- 


ee 


Schweden, Schonen, Alabodarna ............ 
» NE it Soto ee nind se Mennareeer 
» Sclionens NYBLO! 66 s.5:10:5.0:0:6:0,'0r 
» zwischen Malm6é und Limhamn .. 
» Schonen, Limhamn .............. 
» » Dalby ee ccccccccccscece 
» Insel Gotland, Roma ............ 
» NN Stet Oe sts ares eels 
» SF —-_—C SS ee Se 8S Oe OS OES OO 
» Insel Oland, Vickleby Alvar ...... 
» » » » Deen eae 
» » » Farjestaden ........ 
» Sridleigay NYRRO® <i 5 .2Gio%ese ce. 


» Gothenburg, unter dem Namen 
T. obliquilobum Dt. (BORGVALL) .. 
» Gothenburg, unter dem Namen 
T. amblycentrum? (BORGVALL) .. 
» Dis FOSCIOMITU IVE si oie'o:a Siceiwiele ea ss 


2 
2 


Positive 
Kastr. 
2 
6 


woo 


OnnNN NK SK WD FO 


_ 
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Negative 
Kastr. 
0 
1 
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1929: 12: 


»Arjeploug» Nr. 5: 


»Arjeploug» Nr. 4: 


»Peljekaise» » 3: 


»Vuoggatjolme» Nr. 1: 


»Tjidtjak Back» » 2: 


Ceratophora. 


1929: 13: Leningrad, unter dem Namen 7. fasciatum Dt. 


PNRETD 5505.64 Led euck saat eae es 


Anz. kastr. 
Individuen 

1930: 295: Schweden T. longisquameum LINDB. FIL. .. 2 
1930: 2964-300: » TONERS Reon ceineckcnsss 11 

Schweden, Pite lappmark, Arje- 
MMEIEa Wii Suis winieishisineiee = abet 1 

» 8-+ 10: Schweden, Pite lappmark, Arje- 
re be ean abies ise os 2S 2 

» 12 Schweden, Pite lappmark, Arje- 
LO ERS Ea Fores foe eee 1 
»Jackvik» 1: Schweden, Pite lappmark, Jackvik ....... 1 
2: » » » De here dae. 1 
4: » > » > eee oa 1 

Spectabilia. 

Sodnas (unter dem Namen T. lapponicum 
MORNIN chen Oem a oni slaps sweetie wo eio- ois 12 

Schweden, Pite lappmark, Arje- 
“OL ER SS ieee ey FS ae ee 1 

» 6+ 9: Schweden, Pite lappmark, Arje- 
PIOUR 666. cose veces cw ceeesne 2 

Schweden, Pite lappmark, Pelje- 
oR as AS Ses See ee a 1 

» 10 Schweden, Pite lappmark, Pelje- 
ES ey oe RCE 1 

» 11 Schweden, Pite lappmark, Pelje- 
os ESAS TI Epo eccee 1 

>» 42 Schweden, Pite lappmark, Pelje- 
JES SS tesa 35 $0000 ao ree 1 

» 13 Schweden, Pite lappmark, Pelje- 
MERE os oo cie os wgieie eeisis oe eer 1 

Schweden, Pite lappmark, 
Vuoggatjolme ........... il 

Schweden, Pite lappmark, 
Tjidtjak, im Birkengebiete 1 

» 35: Schweden, Pite lappmark, 
Tjidtjak, im Birkengebiete 1 

» 7+ 14: Schweden, Pite lappmark, 
Tjidtjak, im Birkengebiete 2 

» 10: Schweden, Pite lappmark, 
Tjidtjak, im Birkengebiete 1 

» 17: Schweden, Pite lappmark, 
Tjidtjak, im Birkengebiete 1 

» 23: Schweden, Pite lappmark, 
Tjidtjak, im Birkengebiete 1 


Positive 
Kastr. 


2 
5 


Negative 
Kasir. 
1 

11 


eceoco 





ee ee. | ee 
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CHROMOSOMENZAHLEN. 


Bisher sind mit voller Sicherheit nur die Chromosomenzahlen der 
obenerwahnten sexuellen Tararacum-Biotypen bekannt, also die Ent- 
deckung ROSENBERGs von 8 haploiden Chromosomen bei 7. confertum 
Dr. und OsaAwas Feststellung von 8 haploiden Chromosomen bei 
T. platycarpum Dt. Ausserdem liegen Untersuchungen vor von JUEL 
1905, SCHKORBATOW 1909 (zitiert nach ROSENBERG 1917), OSAWA 1913, 
StorK 1920, SEARS 1922 und HEITz 1926 iiber wahrscheinlich partheno- 
genetische Biotypen, deren Zahlen nicht mit voller Genauigkeit haben fest- 
gestellt werden kénnen. So fand JUEL bei T. »officinale» 2n = ungefahr 
26 (eines seiner eigenen Bilder zeigt jedoch sehr schén die somatische 
Zahl 24), OSAWA bei T. albidum DT. 2n—=36—40, STORK bei T. »erythro- 
spermum» 2n = 26—30, SEARS bei T. »levigatum» 2n —ungefahr 26 
und HEITz bei T. »officinale» 2n = ungefahr 24. 

Untersuchungen iiber die Chromosomenzahlen in Wurzelspitzen 
von parthenogenetischen Taraxacum-Biotypen liegen noch nicht in 
grésserer Ausdehnung vor und die obengenannten Zahlen diirften mit 
Ausnahme fiir die zwei diploiden Biotypen unsicher sein; die Chromo- 
somen sind bei den Teilungen der Makro- und Mikrosporenmutterzellen 
klein und zusammengepackt und wenigstens in jenen Fallen, wo die 
Zahlung in Pollenmutterzellen vorgenommen worden ist, diirften die 
Zahlen zufolge Halbierung und mangelhafter Paarung der Chromoso- 
men zu hoch sein. 

Samtliche unten angegebenen Zahlen (ausser 1929: 4) sind bei 
somatischen Teilungen in Wurzelspitzen, nach Keimung der Samen 
zwischen Filtrierpapier, bestimmt worden. Fixiermittel war NAWASCHIN 
(5 T. 1 % CrO,-Lésung, 2 T. 40 % CH.O und */, T. konz. HOCOCH;), 
die Farbung wurde mit HEIDENHAINs Eisenhamatoxylin ausgefihrt. 
Die Schnitte waren 7—8 yw dick. 


ARTEN AUSSERHALB DER GROSSEN APOMIKTISCHEN 
FORMENKREISE. 


1929: 4: Aus dem botanischen Garten in Palermo unter dem Namen 
T. minimum Bia. erhalten, wahrscheinlich mit T. megalor- 
rhizon HanD. MAzz. identisch. Sexuell ...............- n= 8 
1929: 14 und 1929: 20: T. serotinum DC. Botanischer Garten Leningrad 
ETNCE “SSUEMELUOSE 6 55'0'5:0-0 % 0's 0.070!e 9 0's. 1e 00's’ ores 40 cleo Ste stains oe 
1930: 415: T. bessarabicum HanpD. MAzz. Ungarn: Szolnok prope Jas- 
fényszaru, von PENZES ANTAL 1929 eingesammelt ........ 2n — 16 
T. platycarpum Dt. Von OSAWA untersucht. Gehért zum Cerato- 
phora-Komplex? . Sextelll .....:. 0:0 0..cscc csc cccwesscccesce n= 
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T. confertum DT. Von ROSENBERG untersucht. Gehoért zum Vulgaria- 


RLGRINMEMRIKG MROO MUNIN icc a 501-0521 Hojueinlele wines ose eo io se'sm oie we 5-4 6 Se n— 3 
T. mongolicum HanpD. Mazz.* Botanischer Garten, Leningrad ...... 2n == 32 
T. Schroeterianum HAND. Mazz. Botanischer Garten, Stockholm. 

PGMUNMOURONT “cnt dee sc eg nine aes oes see > seeks seksi ‘eee en — oe 
T. porphyranthum Boiss. Botanischer Garten, Gothenburg .......... 2n — 24 

DIE GROSSEN APOMIKTISCHEN FORMENZENTRA. 
Vulgaria, 

1929: 1: Botanischer Garten, Leningrad, unter dem Namen 7. inter- ; 

RIPEIE ROT OTM soc 5s bis 5 055s Bows o's o510 516.5% 6 oa eis 5's 2n = 24 
1929: 11: Botanischer Garten, Leningrad, unter dem Namen T. parvu- 

Hiceps: LANDB: PIL. “GrWAlten 2 ...60cocci sce ce ees eeseeeee 2n = 24 
1929: 21: Botanischer Garten, Leningrad, unter dem Namen T. mimu- 

PARETT MDT MEN GRHUUEND vos rs Sais Sess ve eee < A'S io)» D's S oes w gle Seer lee ewes 2n = 24 ‘ 
1930: 149: Schweden: Insel Gotland, Visby .................2+ee00- 2n = 24 
1930: 182: > » > KGimfeNenin 2. oasensseeesee os 2n — 24 | 
1930: 221: » MOMMNT ou.uonckn ouch euswss ssegees Ssnaea ween 2n = 24 
1930: 223: » SS OO ee eee ca 2n — 24 
1930: 245: » Insel Oland, Vickleby Alvar ................ 2n — 24 
1930: 289: » Gothenburg, unter dem Namen TJ. ambly- 

centrum Dt.? erhalten (T. BORGVALL) ........ 2n = 24 
1930: 294: » Uppsata, 7. fasciatim DT, ........ 2.56.08 65654 2n — 24 
1930: 295: » » T. longisquameum LINDB. FIL. ...... 2n = 24 
1930: 296: » » D SUPATENIE OTs ss 'eisiaiv ie coo Salers ac ss ome 2n = 24 
1930: 306: » » 2. StenOscnisttim DT. 6... c sess sees 2n = 24 
1930: 316: » Nassj6, T. pectinatiforme LINDB. FIL. ........ 2n > 20 
1930: 350: » Smaland, Barkeryd, T. maculigerum LINDB. FIL. 2n = 24 
1930: 351: » Uppsala, T. involucratum DT. ..............+- 2n = 24 
1930: 352: » » T. latissimum PALMGR.? ............ 2n — 24 
1930: 400: Botanischer Garten, Stockholm, T.duplidens LINDB. FIL. .. 2n = 24 
1930: 401: » » » T. macrocentrum DT. .... 2n = 24 
1930: 402: » » ASEM irs Gis bier sis bls oO ste wlsie.cs piosinaie's 2n = 24 
1930: 403: » » SNORE fo she sn ees ke eae a san see 2n = 24 
1930: 404: haz » SRHKOVERE (cc 5 os oon sore eeuse senses 2n — 24 
1 Inwieweit diese Art apomiktisch ist oder nicht habe ich noch nicht unter- 





suchen kénnen. Von HANDEL MAZzETTI wird sie als T. ceratophorum so nahe- 
stehend bezeichnet, dass sie nur auf Grund ihrer Verbreitung und klimatisch beding- 
ten Merkmale als eigene Art aufzufassen ist. Bekanntlich sind die HANDEL MAZZETTI- 
schen Arten laut DAHLSTEDT Komplexe von oft sehr verschiedenen Biotypen, die als 
selbstandige Arten zu betrachten sind. Trotz ihrer Chromosomenzahl, die von 
der von Ceratophora nicht spezifisch verschieden ist, reihe ich sie bis auf weiteres 
in diese Gruppe ein. 

? Die Biotypen 1930: 294 bis 1930: 352 habe ich von dem hervorragenden Ken- 
ner der Taraxacum-Flora Schwedens Herrn G. HAGLUND, Uppsala, bekommen, und 
Sie sind deshalb als richtig bestimmt zu betrachten. 
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Fig. 1—15. — 1: T. minimum, heterotypische Metaphase. 2: Diakinese in zwei 


Schnitten. 3: heterotypische Anaphase. 4: T. Schroeterianum Hand. Mazz. 5: 

T. mongolicum Hanp. Mazz. 6: T. porphyranthum Botss. 7: T. obliquum FR. 

8—19: Erythrosperma. 8: 1930, 408. 9: T. parnassicum Dt. 10: 1930, 40. 11: 
1930, 71. 12: 1930, 36. 13: 1930, 81. 14:-1930, 74. 15: 1930, 90. — X 2100. 


Hereditas XVI. 4 
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20: 1930, 411. 
25: 1930, 409. 


: Botanischer Garten, Briinn 
» PANAAS oe seebsexesaeces 
» Ventimiglia 
: Schweden: Halland, Slap, unter dem Namen T. croceiflo- 
rum Dt.? erhalten (T. BORGVALL) 





Nis 


21: 1930, 304. 
26—27: Ceratophora. 


22: 1930, 412. 


ry 


25 





Fig. 16—31. — 16: 1930, 96. 17: 1930, 109. 18: 1930, 250. 19: 1930, 128. 20—25: 
23: 1930, 305. 24: 
26: 1930, 413. 27: 1930, 416. 
28—31: Vulgaria. 28: 1929, 1. 29: 1930, 406. 30: 1929, 21. 31: 1930, 149. — X 2100. 
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Fig. 32—47. — 32: 1930, 289. 33: T. fasciatum Dt. 34: T. longisquameum LINDB. FIL. 
35: T, stenoschistum Dt. 36: T. maculigerum LINDB. FIL. 37: T. involucratum Dr. 
38: T. latissimum PALMGR. 39: T. macrocentrum Dt. 40: T. duplidens LInDB. FIL. 
41: 1930, 402. 42: 1930, 403. 43: 1930, 404. 44: 1930, 405. 45: 1930, 407. 46: T. sero- 
tinum DC. 47: T. bessarabicum Hanp. Mazz. — X 2100. 


1930: 1: 


1930: 36: 
1930: 40: 
1930: 48: 
1930: 56: 
1930: 71: 
1930: 74: 


Erythrosperma. 


Schweden: Malm6 


» 


» 
» 
» 
» 
» 


Schonen, Limhamn 
Falsterbo 
>» 
Skanor 
Simrishamn 
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Fig. 48—55. — 48—51: Vulgaria. 48: 1929, 11. 49: 1930, 182. 50: 1930, 221. 

51: 1930, 223. 52: T. cornutum Dt. 53: 1930, 125. Homotypische Anaphase. 

54: T. macrocentrum Dt. 55: T. macrocentrum Dt. Kernplatte mit 26 Chromo- 
somen, — X 2100. 


BOSD Bis Schweden, GGimrishamn: oo... c cs 0 6is5is 01s vais sos 0 0 oi0)0 01 2n = (23—)24 
1930: 90: » RimseReN OASIS 2 oc%5 sss dacs kidee a scawdawakns . n= 24 
1930: 96: » » A Reena een a Noah Sea wien 2n = 24—25 
1930: 109: » » bY gaksirdusnwisoii-s maha Ga ee ween er 2n — 24 
1930: 128: » BERBER ASNIDNA,  WEGIY, oc 05.00 5 ccs a's so sso aes oes 2n = 32 
1930: 250: » »  Oland, nahe Farjestaden ................ 2n = 24 
1930: 410: T. parnassicum Dt. Botanischer Garten, Stockholm, aus 
BRMNEH WOR ASTICCHORIAN 6.6% osoiiss s.csieice esse Ge ee 04 S806 2n — 24 
1930: 408: Schweden: Gothenburg, 7. lacistophyllum Dr. (T. BORGVALL) 2n = 24 
Obliqua. 
T. obliquum Fr. Schweden: Halland, Askim (T. BORGVALL) ........ 2n — 24 
Palustria. 
T. lanceolatum Porr. Deutschland: Landau. Eingesammelt 1929 von 
CR AT To 0) eas nT See Ene Pa RAL area etes 2n = 32 
Spectabilia. 
1930: 304: Schweden: Pite lappmark, Tjidtjak .................44.- 2n — 32 
1930: 305: » » » BF Gee ewe uen eto eai 2n — 32 


1930: 318: > » » Vaoggatjoime* ........-.3.50 2n — 40? 


1 Dieser interessante Biotypus ist wahrscheinlich pentaploid. In mehreren 
Kernplatten habe ich eine Zahl von ungefahr 40 gefunden; die schénste Platte zeigte 
jedoch nur 39 Chromosomen, da aber die ersten Schnitte dieses Biotypus leider nur 
7 uw dick waren, ist es méglich, dass ein Chromosom weggeschnitten worden ist. 
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1930: 409: Botanischer Garten, Edinburgh, unter dem Namen 7. offi- 
cinale erhalten. Ist jedoch unzweideutig eine Spectabilia- 


MPMI Sa oss Ve cole Gig sa vesois o's Sales oh podinto raiotes pala teiave alates owwWiole ds Riel w slaia V'sit 2n — 32 
1930: 411: Botanischer Garten, Kowno, unter dem Namen T. lappo- 

nicum KIHLM. (= T. croceum Dt.?) erhalten ............ 2n — 32 
1930: 412: Botanischer Garten, Gothenburg, unter dem Namen T. cro- 

CRTERTD NOT) CRUST COUN 5 oo 09 oaig ica o levels 4109 0 clolelo.c wieieselewweie ines 2n — 32 
1930: 417: Botanischer Garten, Leningrad, unter dem Namen T. nevosi- 

DTIC ES PME 65 oor oe ee DAR ae ele rele BNR eee 2n — 32 

Ceratophora. 

1930: 413: T. brachyceras Dt., Botanischer Garten, Osio, aus Samen 

OAS TNA GAD EEPERTU CR ac eke as cicea veces iaieicioje sisiaie wie iste eiviacasiee #0:<"s wreisiew 2n — 32 
1930: 416: T. cornutum Drt., Botanischer Garten, Riga’ ............ 2n = 24 
T. albidum Dt. Von OSAWA untersucht. Siehe DAHLSTEDT 1907 a, 

Pe arcade tien mca oreo iia bani nnss 2n — (36—)40? 

Arctica. 


1930: 414: T. arcticum TRAuTW., Botanischer Garten, Oslo, aus Samen 
von Grénland. Ob diese Art apomiktisch ist oder nicht, 
wage ich noch nicht zu sagen; auf Grund der schlechten 
Pollenbildung ist sie wohl so zu deuten. Die Zahl liegt 
zwischen 44 und 49, ist also hexaploid (oder jedenfalls 
hyperpentaploid). 

Aus diesen Zahlen geht es also hervor, dass Taraxacum sich zyto- 
logisch dadurch wie die friiher untersuchten Gattungen Rosa (TACKHOLM 
1922), Potentilla (MUNTZING 1931) und Archieracium (ROSENBERG 1927) 
verhalt, dass sie polyploide Reihen mit gerade Multiplen bildet. Das 
Vorkommen von hochchromosomigen Biotypen ist jedoch selten, aber 
ihre Anzahl diirfte wahrscheinlich bei sorgfaltigerer Untersuchung von 
arktischen und hochalpinen Formen vermehrt werden, und auch inner- 
halb Archieracium, wo ROSENBERG Zahlungen der Chromosomenzahlen 
von 21 Repriasentanten ausgefiihrt hat, werden wahrscheinlich hoch- 
polyploide entdeckt werden, besonders vielleicht in der vielf6rmigen 
und schénen alpinum-Gruppe. Ein Umstand, das Interesse besitzt, ist 
dass die Hauptmenge apomiktischer Taraxaca und Archieracia (auch 
Erigeron, Eupatorium, Artemisia) triploid und in geringerer Ausdeh- 
nung tetraploid sind, wahrend unter den Rosaceen noch keine triploiden 
Apomikten angetroffen worden sind; innerhalb des Rosa canina-Kom- 


Bei einem pentaploiden Biotypus ist natiirlich eine Schnittdicke von 7 mu im all- 


gemeinen zu klein. 

1 Ob diese Art richtig bestimmt ist und wirklich aus Norwegen stammt, habe 
ich noch nicht entscheiden kénnen. Auf Grund der Form der Cotyledonen, des 
Aussehens der Rosettenblatter und der Fruchtgrésse ist sie jedoch gar nicht dem 


Vulgaria-Komplex zuzurechnen. 
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plexes kommen pentaploide und weniger allgemein tetra- und hexa- 
ploide Zahlen vor, europdische apomiktische Eubati weisen noch keine 
bekannten spontanen Triploiden auf (CRANE und DARLINGTON 1927; 
eigene vorlaufige Mitteilung), und einerlei ist das Verhaltnis bei Poten- 
tilla mit bis duodecaploiden Biotypen. Vielleicht kann dies auf die 
verschiedene Intensitat der Kreuzungsprozesse oder ungleiche geno- 
typisch bestimmte Tendenz zur Erhéhung der Chromosomenzahlen 
innerhalb der fraglichen Gattungen zuriickgefiihrt werden. 
Interessant ist der Fund der zwei diploiden Arten T. serotinum und 
bessarabicum ausser den sexuellen diploiden T. minimum, platycarpum 
und confertum. Da sie beide gute und sehr charakteristische Formen 
mit grosser Verbreitung in Siidosteuropa sind, liegt der Gedanke nahe, 
dass auch sie sexuell sein sollen, was natiirlich vor Eintritt der Bliite- 
zeit nicht entschieden werden kann’. Gleichartige Verhaltnisse bei 
Taraxacum bestehen bei Hieracium. Auch dort besitzen die sexuellen 
Arten H. umbellatum und auricula die diploide Chromosomenzahl 
(OSTENFELD, ROSENBERG), wahrend die parthenogenetischen und apo- 
sporen Archieracium- und Pilosella-Formen triploid, tetraploid oder 
hypertetraploid sind. Auch bei Antennaria ist die sexuelle Art dioica 
diploid, alpina dagegen tetraploid (JUEL, HOLMGREN) und bei Eupato- 
rium, Erigeron und Artemisia sind die apomiktischen Formen triploid 
(HOLMGREN, CHIARUGI). Die einzige Ausnahme unter den Compositeen 
bildet die nur wenig untersuchte Art Chondrilla juncea (ROSENBERG 
1912) mit der diploiden (?) Chromosomenzahl, trotzdem sie sich bei 
der Makrosporenteilung wie Taraxacum verhalt. Wahrscheinlich ist, 
dass es im siidéstlichen Europa und Asien eine Reihe von sexuellen 
diploiden Arten gibt, und vermutlich werden auch sexuelle Tetraploide 
entdeckt werden, die zum Entstehen sowohl der schwarz- und grau- 
friichtigen Vulgarie als auch der rotfriichtigen Erythrosperme (des 
levigatum-Komplexes) beigetragen haben. Dass es ausserhalb der gros- 
sen apomiktischen Formenzentra auch parthenogenetische Biotypen 
gibt, zeigen RAUNKIARs Kastrationsresultate bei T. obovatum und 
glaucanthum (= dissectum nach HANDEL MAZZETTI) und auch mein 
Fund des triploiden T. porphyranthum Botss., samtliche wohlcharak- 


1 Nachdem Vorstehendes geschrieben war, habe ich Gelegenheit gehabt, Kastra- 
tionen in grossem Massstabe (ungefahr 30 Kérbe) von der obenerwahnten diploiden 
Art T. serotinum auszufiihren, und es hat sich herausgestellt, dass sie wie erwartet 
sexuell war; auch waren bei der heterotypischen Metaphase 8 Doppelchromosomen 
zu sehen. T. bessarabicum hat freilich noch nicht gebliiht, aber durch diesen letzten 
Fund scheint die Vermutung, dass auch es sexuell ist, noch mehr bekrfftigt. 
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terisierte Biotypen; der letztgenannte weicht durch die glanzend 
griinen, lederartigen Blatter mit ihrer eigentiimlichen Form, das Aus- 
sehen der Achanien und die Bliitenfarbe héchst bedeutend von anderen 
Formen in meinen Kulturen ab. 


CHROMOSOMENZAHLEN UND SEKTIONEN. 


Um das urspriingliche T. croceum Dt. (=lapponicum KIHLM.?) 
sind mit der sorgfaltigen Erforschung der Tararacum-Flora Skandi- 
naviens Formen gruppiert worden, die mit demselben — trotz der Viel- 
formigkeit — eine morphologisch und biologisch einheitliche Gruppe 
bilden, und von Reprasentanten des verwandten Vulgaria-Komplexes 
morphologisch durch sowohl quantitative als qualitative Eigenschaften* 
getrennt sind. Von Interesse ist hier den Unterschied zwischen den 
Chromosomenzahlen zu konstatieren: wahrend alle Vulgarice triploid 
sind, ist die Hauptmenge Spectabilie tetraploid, ein vereinzelter deut- 
lich pentaploid. Spectabilia besitzt ein einhetliches Verbreitungsgebiet, 
das den nérdlichen Teil Fennoskandias, hauptsachlich das alpine und 
subalpine Gebiet, umfasst und hat Reprasentanten in Schottland, auf 
den Fardéinseln, Island, Grénland und an den Ufern des Weissen Meers 
entlang (DAHLSTEDT 1912). Weiter nach Osten kommen sie nicht vor, 
wie auch nicht in den Alpen und iibrigen europaischen Gebirgsgegenden. 
Wegen der relativ einheitlichen Eigenschaften und Verbreitung der 
Gruppe scheint es mir, als wire DAHLSTEDTs Auffassung derselben als 
eine besonders fiir Fennoskandia charakteristische Gruppe von wahr- 
scheinlich praglazialer Herkunft berechtigt. 

Zu dieser Gruppe rechnet DAHLSTEDT auch eine Anzahl Formen 
mit bedeutend siidlicherem Verbreitungsbereich und in meinen Kul- 
turen hervortretenden abweichenden Eigenschaften, welche die Ein- 
heitlichkeit stéren, namlich T. maculigerum LINDB. FIL., presians 
LINDB. FIL. Nordstedtii DT., Larsonii DT. und polium DtT., unter denen 
das Vorkommen des T. Nordstedtii von der ganzen Gruppe dadurch 
abweicht, dass es auch Béhmen, das nérdliche Deutschland, England 
und einige Gegenden Frankreichs umfasst. JT. maculigerum und 
prestans stehen gemass DAHLSTEDT nordschwedischen Spectabilie so 
nahe, dass sie »aus einem von diesen in verhaltnismassig spater Zeit 
ausgebildet worden sind». (Von mir ins Deutsche iibersetzt.) Diese 


1 Uber diese Verhaltnisse werde ich in einer spateren Veréffentlichung berichten, 
wo ich auch den Wert des Agamospeziesbegriffes TuREsSONs fiir diese Formenkreise 
klarlegen werde. 
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Annahme kann ich unwahrscheinlich machen; denn da das apomikti- 
sche T. maculigerum 24 Chromosomen besitzt, scheint es mir unmég- 
lich, dass es aus den 32-chromosomigen Spectabilie weder durch vege- 
tative Mutation noch durch sexuelle Spaltung mit Senkung der Chro- 
mosomenzahl verbunden hervorgegangen sein kann. Auch scheint 
es mir nach DAHLSTEDTs Auseinandersetzung nicht zu Vulgaria gefiihrt 
werden zu k6nnen, wo es auch von DAHLSTEDT friher eingereiht 
worden ist (z. B. DAHLSTEDT 1911), sondern es soll mit vollem Recht 
in eine neue Gruppe, T. maculigerum-Gruppe, eingeordnet werden. 
DAHLSTEDT selbst proponiert 1911 dieses Verfahren. Dieser Gruppe 
soll also dasselbe Alter als den Spectabilia- und Vulgaria-Komplex 
zugeschrieben werden, und von dem Standpunkte der dafiir eintritt, 
dass die Parthenogenesis in triploiden und hochpolyploiden Gattungen 
als eine Folge- oder Begleiterscheinung von Kreuzungen zwischen oft 
verschiedenchromosomigen Arten oder Biotypen zu_ betrachten ist 
(ERNST, ROSENBERG, TACKHOLM), und dass somit die triploiden Vul- 
garie durch Hybridisierung zwischen Diploiden und Tetraploiden und 
die tetraploiden Spectabilie zwischen Tetraploiden gegenseitig entstan- 
den sind, ist es natiirlich sich zu denken, dass diese Formen, deren 
Eigenschaften eine Verschmelzung zwischen Vulgaria- und Spectabilia- 
Kennzeichen bilden, und deren fiihrende Form triploid ist, aus Kreu- 
zungen zwischen Reprdsentanten der tetraploiden Spectabilie einerseits 
und einigen der diploiden Ursprungsformen der Vulgarie andererseits 
hervorgegangen sind. Wahrscheinlich geschah dies an den Aussen- 
randern fiir die Verbreitung der sexuellen Ur-Spectabiliw, wo diese und 
sexuelle Diploide zusammengetroffen sind. 

Eine Formengruppe die in Skandinavien auf Grund ihrer charak- 
teristischen Eigenschaften und wohlabgegrenzten Stellung einen Sonder- 
platz einnimmt, ist Palustria; durch die kurzen, breiten und hautver- 
sehenen Deckblatter, die grossen Friichte und die abweichende Blatt- 
form bildet sie einen Komplex von Formen, die wenigstens in Nord- 
europa ohne Uberginge zu Vulgaria vollkommen isoliert stehen (siehe 
Fussnote S. 55). In der Literatur gibt es jedoch auch Angaben iiber 
Formen die morphologisch teils in der Mitte, teils mehr oder weniger 
nahe der einen oder anderen Gruppe stehen und die Auffassung von 
T. paludosum (= palustre im weiteren Sinne) hat im Laufe der Zeiten 
sehr gewechselt. 

Viele sehen in ihm nur eine Abart von T. vulgare, in das es laut 
ihrer Meinung unter »giinstigen Verhaltnissen» iibergehen kann (Kocu, 
ASCHERSSON-GRAEBNER, auch HANDEL MAZZETTI), andere sehen in ihm 











TARAXACUM 57 





eine besondere, wohlcharakterisierte Art, die mit dem Vulgaria-Kom- 
plex durch (hybridogen entstandene?) Zwischenformen verbunden ist 
(z. B. FOCKE vielerorts, VOLLMANN); dass es jedoch auch in alten Zeiten 
Verfasser gab, welche die isolierte Stellung des Palustria-Komplexes 
betonten, zeigt z. B. MARSSON (1869) der sagt: »Dass die Pflanze spe- 
zifisch verschieden von T.. officinale ist, beweisen die grosse Bestande 
in denen sie hier in Millionen von Exemplaren im ersten Friihling die 
Strandwiesen bedeckt, ohne Uebergange zu T. officinale zu zeigen». 
Ein Ubergang des einen in das andere durch Anderung der dusseren 
Bedingungen oder durch Mutieren scheint mir mit den verschiedenen 
Chromosomenzahlen der zwei Gruppen unmdglich; eher ist wohl die 
Auffassung richtig, die im Vulgaria-Komplex einen Schwarm von 
forme apomikte sieht, denen meistens gemeinsamer Ursprung zuzu- 
schreiben ist. Einige von ihnen, wenn sie wirklich Mittelformen zwi- 
schen den zwei Komplexen waren, kénnte man dagegen auf Kreuzungen 
zwischen den Ureltern der Vulgaria- und Palustria-Gruppen zuriick- 
fiihren, und Selektionsverhaltnisse sollten dann dazu beigetragen haben, 
im nordlichen Verbreitungsgebiete der Palustria-Gruppe die zwei Kom- 
plexe zu isolieren und die Bildung von Agamospezies ohne Zwischen- 
formen zu bedingen, wie es ja schon bekannt ist, dass pollenfiihrende 
palustre- und balticum-ahnliche Biotypen gegen Norden immer mehr 
eliminiert werden und in Skandinavien pollenmangelnde palustre und 
balticum alleinherrschend sind (DAHLSTEDT 1907 b). 


DIE FORMENBILDUNG. 


Wahrend der letzten Jahre haben zytologische Studien iiber die 
apomiktischen Formenkreise dazu beigetragen, die wahrscheinlich 
grosse Bedeutung der Hybridisierungen fiir das Eintreten von Apomixis 
und das Entstehen der polyploiden Reihen klarzulegen. Es hat sich 
immer mehr die Auffassung geltend gemacht, dass die Apomixis auf 
eine Serie von zusammenwirkenden Umstanden, Kombination von Erb- 
anlagen, Hybridisierung, Polyploidie (WETTSTEIN 1927, SCHNARF 1929) 
beruht. SCHNARF meint, dass innerhalb apomiktischer Gattungen schon 
bei den sexuellen Arten Anlagen fiir Apomixis vorhanden sind, obgleich 
diese hier nur sehr wenig zur Geltung kommen. In Kreuzungen, wo 
Anlagen fiir Apomixis vereint werden und zufolge Chromosomen- 
stérungen C’- oder Q-Sterilitat eintritt, wird die Méglichkeit fiir die 
apomiktisch eingerichteten Makrosporen oder die diploiden Nuzellus- 
zellen ohne Konkurrenz Entwicklung zu erreichen, natiirlich bedeutend 
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grésser als bei sexuellen Arten mit reichlichem Pollenvorkommen und 

ohne Stérungen entstandenen Eizellen. 

Uber die Art und Weise, auf der die Formenbildung stattgefunden 
hat, herrschen noch verschiedene Meinungen. Folgendes zunachst mii 
Riicksicht auf die triploiden Tarazaca und Archieracia aufgestellte 
Schema veranschaulicht die verschiedenen Moéglichkeiten fiir die For- 
menbildungswege und Entstehung der Apomixis als dominante oder 
rezessive Eigenschaft (fiir andere Chromosomenzahlen ergibt sich natiir- 
lich eine analoge Betrachtungsweise) : 

I. Die Triploidie ist durch Autopolyploidie entstanden. Die Apomixis 

ist eine dominante Erscheinung. Formenbildung wie II. 

II. Die Triploidie ist durch Kreuzungen diploid X tetraploid entstan- 
den. Die Apomixis ist dominant, ev. von mehreren Faktoren be- 
dingt. Die Formenbildung beruht auf: 1) Chromosomenaberra- 
tionen (somatisches Nichttrennen); 2) Deficiency-Mutationen; 
3) Genmutationen. Die Triploiden sind als vegetative F,-Abké6mm- 
linge zu betrachten; 4) Sekundaére Kreuzungen und Spaltungen. 
Die Formenbildung hat hier F,-Charakter. 

III. Die Triploidie ist durch Kreuzungen diploid X diploid, Biidung 
von Restitutionskernen und gegenseitige Wiederkreuzung oder mit 
sexuellen Diploiden entstanden. Die Apomixis ist eine rezessive (?) 
Erscheinung. Die Formenbildung hat F,-Charakter. 

Dass die Autopolyploidie in gewissen Fallen auch bei diesen Pflan- 
zengattungen vorkommen kann, ist wohl nicht zu bezweifeln, aber ihre 
Bedeutung diirfte in apomiktischen Gruppen von stark heterogener 
Zusammensetzung recht begrenzt sein. Fiir die Entstehung gewisser 
hochpolyploider Festuca ovina- (TURESSON 1930) und einiger Potentilla- 
Typen (MUNTZING 1931) machen die genannten Verfasser die Auto- 
polyploidie verantwortlich, und bei einer der untersuchten Potentille 
wird diese Ansicht dadurch gestiitzt, dass bei der Reduktionsteilung 
Quadri- und Hexavalente gebildet werden, was deutlich von mehr oder 
weniger homologen Chromosomengruppen abhangig ist. 

Schon HErrTz (1926) hatte gefunden, dass die Chromosomen des- 
selben Taraxacum-Biotypus verschieden gross sind, einen Fund, den 
ich bestatigen kann. In seinem Bild 1 f sieht man acht gréssere Chro- 
mosomen und unter diesen eines, das entschieden langer als die anderen 
ist. Wegen der allmahlichen Uberginge in der Grésse der Chromoso- 
men ist ein deutlicher Unterschied nur ausnahmsweise vorhanden, und 
zahlreichere direkte Messungen der Chromosomenliange habe ich noch 
nicht ausgefiihrt. In einigen vereinzelten Fallen sind doch qualitative 
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Unterschiede wahrgenommen worden, am leichtesten natiirlich in den 
diploiden Arten. Wie aus Fig. 1 hervorgeht, gibt es bei T. minimum 
unzweideutig ein grosses Chromosomenpaar (das iibrigens wegen seiner 
Grésse den Eindruck eines Quadrivalentes macht), bei 7’. bessarabicum 
(Fig. 47) sind zwei Chromosomen grosser und bei 7... serotinum (Fig. 46) 
zwei kleiner als die anderen. Auch in T. platycarpum ist nach OSAWAS 
Bilder zu urteilen ein grosses Chromosomenpaar vorhanden (siehe 
Osawa, Tafel 37, Fig. 17). 

Diese Beobachtungen sind von Interesse, denn wenn die triploiden 
(oder tetraploiden) Biotypen durch Autopolyploidie aus diploiden 
sexuellen und innerhalb gewisser Grenzen homozygoten Arten ent- 
standen und dann durch Genmutationen in die zahlreichen Kleinspezies 
aufgeteilt worden wiren, sollte natiirlich bei den Triploiden (resp. 
Tetraploiden) jede Gréssenklasse dreimal (resp. viermal) reprasentiert 
werden. Bis jetzt untersuchte, deutliche Fdlle gibt es nur wenige, aber 
sdmtliche berechtigen zu der Annahme, dass Allopolyploidie die Ur- 
sache der Chromosomenvermehrung ist. So z. B. besitzt 1929: 11 
(Fig. 48) unzweideutig zwei ansehnliche Chromosomen und bei 1930: 416 
(Fig. 27 u. 52) wurde in mehreren Kernplatten ein Chromosom wahr- 
genommen, das bedeutend ldnger als die tibrigen war. Gleichartig war 
das Verhdltnis bei 1930: 221 und 223 (Fig. 50 u. 51), und — mit Re- 
servation — bei 1930: 182 und T. porphyranthum. Diese interessanten 
Tatsachen hoffe ich spater naiher untersuchen zu kénnen. 

Aberrationen bei den somatischen Teilungen in den Embryonen 
oder bei der Restitutionskernbildung der Makrosporenmutterzellen 
kommen wohl sicher vor, scheinen aber wegen der geraden Zahlen 
keine grosse Rolle fiir die Formenbildung gespielt zu haben. Selbst 
habe ich bei Teilungen in Wurzelspitzen ein paar Falle von Chromo- 
somenunregelmassigkeiten wahrgenommen. Fig. 53 veranschaulicht 
eine Teilung des Vulgaria-Biotypus 1930: 125 (von Gotland), Fig. 54 
eine solche des 7. macrocentrum mit verspaiteten Chromosomen, und 
Fig. 55 zeigt eine Platte von T. macrocentrum mit unzweideutig 26 
Chromosomen, und auch bei 1930: 403 glaube ich gleichartiges gesehen 
zu haben. Auch FROST und MANN (1924) und DARLINGTON (1926) 
beschreiben analoge Stérungen unter normalen Bedingungen, und 
vereinzelte Male diirften wohl auch neue Biotypen auf diesem Wege 
entstehen kénnen. 

Uber die Bedingungen und Haufigkeit vegetativer Gen- und Defi- 
ciency-Mutationen innerhalb des Pflanzenreiches wissen wir nur wenig; 
auch in einem genetisch wohluntersuchten Material treten sie dann 
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und wann auf. MURBECK (1904), SAMUELSSON (1910) und TACKHOLM 
(1922) nehmen fiir die Formenbildung in den apomiktischen Gattungen 
(mit Ausnahme von Rubus und Hieracium Pilosella, wo Kreuzungen 
experimentell ausgefiihrt sind), Genmutationen an, und OSTENFELD 
hat zwei zur schwer klarzulegenden Formengruppe Hieracium triden- 
tatum gehérigen Formen erhalten und glaubt, dass sie in dieser Weise 
gebildet worden sind. TACKHOLM nahm sogar an, dass die grosse 
Heterozygotie die Mutationsfrequenz beférdern sollte. Innerhalb Taraxa- 
cum scheint die Formenbildung durch Gen- und Blockmutationen mit 
primaren Kreuzungen als Ursache der Polyploidie verbunden als die 
wahrscheinlichste. Bedenkt man, dass ein einziges Individuum jahr- 
lich cirka 4,000 Achanien gibt, und ein gewisser Biotypus vielleicht in 
einer Individuenzahl von 10,000 vorkommt, so werden jedes Jahr 40 
Millionen und wahrend 100 Jahren 4 Milliarden Friichte gebildet, und 
da die Heterozygotie in der Hinsicht die Formenbildung beférdert, 
dass die Verlustmutanten leichter sichtbar werden und grésseren Selek- 
tionswert als in ganz homozygoten reinen Linien haben, glaube ich, 
diesen Formenbildungsweg als recht plausibel bezeichnen zu kénnen. 


Fir eine endgiiltige Lésung dieses Problems sind indessen — wie im- 
mer — experimentelle Forschungen unvermeidlich, und solche sind 
jetzt auch begonnen worden. 

SUMMARY. 


1. Castration experiments have been made in a number of forms 
belonging to the groups Vulgaria, Erythrosperma, Obliqua, Spectabilia, 
Ceratophora. The always positive results show that sexual biotypes 
must occur very infrequently if they exist at all. 

2. The group Vulgaria is triploid (2n= 24), Erythrosperma is 
triploid and occasionally tetraploid, Palustria is tetraploid, Obliqua is 
triploid, Spectabilia is tetraploid and occasionally pentaploid, Cerato- 
phora is triploid and tetraploid, and Arctica is probably hexaploid. 

3. Three diploid species outside the great apomictical groups, 
T. minimum from Palermo (megalorrhizon HAND. MAzz.?), T. seroti- 
num DC. and T. bessarabicum HAND. MAzz. have been found. The 
two first are sexual, the latter probably is. 

4. A new group, T. maculigerum group, is established, enclosing 
a number of forms which are intermediate between the groups Specta- 
bilia and Vulgaria and whose main form is triploid. 

5. The opinion often expressed by taxonomists that 7. paludosum 
Scop. is only a variation of Vulgaria formed by external ecological 
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factors or »mutations» must be wrong. On the contrary, the two groups 
are to be regarded as well separated agamospecies, each in its northern 
territory containing a group of forme apomicte and without transi- 
tions between them. 


6. Differences in size between the chromosomes are shown in the 


diploid and apomictical forms. Four certain cases confirm the opinion 
of allopolyploidy as the cause of polyploidy. 


7. In Taraxacum the formation of new forms by means of gene- 


and blockmutations associated with primary crossings as the cause of 
polyploidy seems to be the most plausible explanation. 


Peres 
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A THEORY ON THE CYTOLOGICALLY 
IRREGULAR SPECIES VIOLA CANINA L. 


BY H. G. BRUUN 
BOTANICAL INSTITUTE, UPPSALA 





INTRODUCTION. 


MONG the very interesting cases recently reported of cytologically 
irregular species showing structural hybridity is also according to 
CLAUSEN (1931 a) to be included Viola canina L. The author arrives at 
the following conclusions in his cytological investigation of this species 
from several Danish localities: Viola canina is cytologically irregular 
with oscillating number of chromosomes. Besides the 20 bivalents a 
varying number of extra chromosomes and fragments are found. The 
most regular type, »the Tisvilde population», has 2n = 40 chromosomes 
plus 3 diminutive chromosomes or fragments, but other types, specially 
one belonging to var. /ucorum, are extremely irregular. Most probably, 
canina maintains itself as a cytologically irregular species through con- 
stant intercrossing between different types belonging to the species. 

These conclusions are based on a cytological investigation of meiosis 
of three populations from Northern Sjelland and on a pollen inspec- 
tion of two more types from another locality of Sjelland and from 
Smaland in Sweden. CLAUSEN is evidently inclined to extend these 
conclusions to the species as such in all its wide distribution. Con- 
sidering its many variations and the fact that several ecologically 
distinct types exist, of which at least those on rocky ground, sea-shores 
and moors undoubtedly are natural inhabitants, long ago established 
in these localities, one may object that this conclusion is perhaps a 
little too wide. CLAUSEN accordingly invites cooperation with cytolo- 
gists, who have access to material of the species from other localities, 
and this is, no doubt, the right way to a thorough understanding of a 
case like this. 

The material of the present little study was collected mainly with 
the object of comparing the diminutive chromosomes reported to be 
present in Viola canina with those sometimes found in Ranunculus 
acris and certain Primula species, which are under investigation (BRUUN 
1931). This object failed so far as the type fixed for this purpose has 
got neither fragments nor extra chromosomes. As there are reasons 
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to suppose that the plants fixed are different individuals and not a 
single clone, it is rather surprising that, unlike the state of things in 
Denmark, all the plants studied have apparently identical chromosomal 
constitution and, as will be shown below, an euploid number of chro- 


mosomes. 


METHODS AND MATERIAL. 


For investigation of these irregular species, where the point in 
question is getting a general survey of the chromosomal condition of 
the largest possible numbers of individuals of a certain species or race 
in a district, the following methods have been worked out. NAWASCHIN 
(1926) has used a similar, though more tedious method, in his extensive 
Crepis investigation. Seeds are collected from a great number of 
plants, a little from each. They are germinated between moist blotting 
paper, and from each seedling only one root tip is fixed, the tap-root. 
In inbedding in paraffin-wax, the tips are arranged parallel to each 
other in small bundles of 6 to 10. Two or three such bundles are easily 
mounted on the same slide. It is therefore possible to investigate some 
12 to 30 plants on a single slide. With a minimum of work in preparing 
the slides, one gets a maximum of material, which, as each plant is 
only represented with a single root, may be the foundation of statistical 
calculation. The process of cell division is usually active enough to 
yield a sufficient number of cell plates for the determination of the 
chromosome number. This method has been successfully practised on 
the particularly variable Ranunculus acris, which will be discussed on 
another occasion. 

Unfortunately this statistically superior method could not be used 
in the present investigation as no ripe seeds were at hand when the 
material was collected last spring. Instead some 40 plants were brought 
home from a dry, open pine heath at Rickomberga near Uppsala, 
Sweden. A part of the plants were sent to Dr. J. CLAUSEN, then in 
Copenhagen, another part were dried, and the rest were potted close 
together. This Rickomberga population is not quite homogeneous, 
however, as some of the largest plants are canina X Riviniana. Mr. 
ERNST NORDSTROM, who has kindly revised my dried specimens, has 
found them all, a doubtlessly hybrid plant excepted, to be pure canina. 
Unfortunately this heterogeneity was not noticed until quite recently, 
and therefore CLAUSEN has probably got some hybrids in his material 
as he identifies this form as V. canina var. lucorum REICHB. New 
roots were soon formed in the pot, and a great number of these were 
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fixed from different parts of the root lump. Thus it is possible that 
some occasional hybrid has been represented in the material. In the 
present study, however, no traces of hybridity have been found. 

The fixative was a modified NAWASCHIN, consisting of equal parts 
of the standard solutions »A» and »B». »A» being 2 gr CrO;, 20 cm* 
glacial acetic acid and 130 cm* H.O and »B» 37 cm* commercial for- 
malin deluted to 150 cm’*. Sections were cut 12 microns thick and 
stained in NEWTON’s gentian violet-iodine. 


CYTOLOGY. 


The publication of the chromosome number n = 36 for Viola canina 
(CLAUSEN 1926, 1927), a figure which Mryasr (1929) questioned on 
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Figs. 1—2. Somatic metaphases from root-tips of the Rickomberga type of Viola canina. 
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theoretical grounds, has later been corrected by the same author 
(CLAUSEN 1931) to n= 20, though actually this number has not been 
found, as there are always some extra chromosomes or fragments 
present. Thus V. canina is brought in line with the main part of the 
caulescent Nominium-Violets, which have 10 as a basic number. As 
already indicated, I am able to confirm the figure n = 20, as exactly 
40 chromosomes have been found in all 38 roots investigated. Further- 
more no difference whatever has been noticed between the chromo- 
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somal equipment of these roots, nor have any fragments or extra 
chromosomes been found. Thus this population from Rickombergs 
must be cytologically better balanced than any hitherto investigated, 
and therefore a short description of the chromosomes is given for 
eventual comparison with other populations. 

The chromosomes are of unequal size (figs. 1 and 2), the longesi 
being about double the length of the shortest. Furthermore there is a 
distinct difference in the place of the constrictions. About 20 chromo- 
somes have median and several submedian constriction whilst in some 
chromosomes no constriction can be discerned. It is not possible for 
the present to give the idiogram in detail, since the chromosomes are 
so numerous that some of them are always bound to lie unfavourably, 
specially the central ones which generally do not show any bending 
at the point of constriction. The medially constricted ones are all of 
about the same medium size. Four chromosomes are distinctly longer 
than the rest (though this fact does not appear quite clearly from the 
figures on account of foreshortening) and have submedian constriction, 
which sometimes is extended, thus easily causing miscalculation of the 
chromosome number. The four smallest of the whole set are always 
among the chromosomes in which no constriction can be discerned. 


DISCUSSION. 


We are here dealing with a race of Viola canina, which forms a 
normal constituent of a more or less natural plant association, the pine 
heath. As similar populations are of common occurrence in such 
localities in the district, there is, although the species is highly in- 
fluenced by cultivation, no reason to doubt that it has resided for some 
time in these localities and that it very likely has had rather plenty 
of time to stabilize. This is confirmed by the present investigation. 
Unfortunately meiosis has not been studied, as the season was too far 
advanced when the material was collected, and this means a severe 
limitation of my argument but, on the other hand, the violets are 
characterized by their power to transmit aneuploid numbers of chromo- 
somes to their offspring without serious affect on viability and fertility. 
Thus the strongest cause of a rapid attainment of equilibrium is at least 
partly neutralized and accordingly violets have less chance than most 
other plants of attaining balance. The non-appearance of extra chro- 
mosomes and fragments in the whole of my material thus demonstrates 
a great deal about the cytological balance of the race in question. This 
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balance apparently is more undisturbed than in CLAUSEN’s most regular 
type, the »Tisvilde type». The hypothetical hybrid origin of the 
Rickomberga race must be sought far back in the past. 

The var. lucorum REICHB. — Prevailing opinion on the origin and 
taxonomic value of the var. lucorum is contrary to this view. CLAUSEN 
expresses his opinion in these terms (1931 b, p. 332): »Var. lucorum 
REICHB. grows on shady places, it is larger and also with larger and 
more cordate leaves; probably often of recent hybrid origin, sometimes 
partially sterile», and (p. 328) he explains that the Jucorum types must 
not always be of the first generation hybrids, from which follows that 
what is usually brought together as var. lucorum is not a taxonomic 
unit, which has spread over its present range of distribution, but that 
forms appertaining hereto have arisen independently of each other. 
The var. lucorum is no doubt of polyphyletic origin; thus conclusions 
from one population must not be extended to others. As to the Rickom- 
berga population, both its appearance in nature and its chromosomal 
conditions, in as far as studied, coincide in marking it as a taxonomic 
unit of high stability. No doubt, it is pure canina. 

The species Viola canina L. — CLAUSEN takes into consideration 
that the many variations of V. canina might be of polyphyletic origin 
which have started from somewhat different crossings. But this possibi- 
lity is considered less probable than that the species canina taken as a 
whole is monophyletic but (1931 a, p. 83) »maintains itself as a cyto- 
logically irregular species with an oscillating number of chromosomes 
through constant intercrossing between cytologically different types 
belonging to the species, and that it renews the irregularity through 
occasional outcrossing with Viola Riviniana and perhaps other related 
species». In my opinion this is very likely the case in most Danish 
populations (the reputed r6le of Riviniana crossings being left out of 
consideration as only pure canina is regarded here) but this is far from 
certainly true of canina from other parts of its wide distribution area, 
where long established and well balanced populations, no doubt, exist. 

According to Mr. NORDSTROM canina is a good species, and the 
cytologically irregular populations in Denmark are probably species 
hybrids. This perhaps rather extreme view is hold by many Swedish 
botanists. 

Chromosome organization of distinct races. — Facts are accu- 
mulating showing that many of our well known Linnean species include 
many ecologically and genetically distinct races, which are also cyto- 
logically distinct. The wellknown cases of polyploid differences within 
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a species need only be mentioned. Other structural differences between 
two races are not so easily detected. Sometimes a close comparison 
of the idiograms of different races will give strong evidence, but in 
most cases the real truth is only brought to daylight when two races 
are intercrossed; the hybrid will then show structural hybridity of 
different kinds. If interchange between chromosome segments has 
happened in one race, that is, for example, if the chromosome segments 
A and C, B and D are joined instead of A and B, C and D in another 
race, a chain or ring formation will result at prophase of the hybrid. 
Inversion of a part of a chromosome must give fragments and duplica- 
tion of a portion of a chromosome at reduction division of the hybrid, 
as illustrated by this example. Suppose two chromosomes ABC and 
ACB, where the segment BC is inverted, pair. The resulting daughter 
chromosomes may be ABCA, where the portion AC is duplicated, and 
the fragment BC, as well as ABC and ACB. From ABCA the segment 
CA is easily set free again (BELLING 1925, p. 263). In this way the 
fragments BC and AC may be formed, the relative length of which 
depends on the length of the originally inverted segment. Different 
kinds of structural dimorphismus are naturally related; each may be - 
able to give another kind unless some special mechanism, maintaining 
the same structural condition, is brought in action, as in Rhoeo discolor 
(DARLINGTON 1929) and several Oenothera species. 

Two races with practically identical genotype (taken ‘as the sum 
total of genetic factors), but with the chromatic substance or »idio- 
plasm» differently organized, may therefore give rise to all sorts of 
irregularities when intercrossed. Both may very well be cytologically 
balanced types, and be morphologically indistinguishable, yet their 
hybrid offspring may behave exactly as these recently discovered ir- 
regular species. It is enough that two such populations have oppor- 
tunity to intercross to give rise to a population with oscillating number 
of chromosomes and fragments, provided that a duplication of whole 
chromosomes or segments does not affect the viability and only partly 
the fertility of the resulting offspring. 

A theory accounting for cytological irregularity through inter- 
crossing of structurally dissimilar races. — Is it too daring to asign 
such an origin for the Danish populations of Viola canina? I venture 
to say that it is not. Other possibilities having been discussed by 
CLAUSEN (1931 a, p. 83) and rejected on good grounds, he is forced to 
conclude that V. canina is not a recent segregate of the subsection and 
therefore not yet stabilized, but that it maintains itself through inter- 
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crossing between »cytologically different types belonging to the species». 
This is exactly the conclusion to which I now arrive, using the chromo- 
somal aberrations as starting point. 

We differ considerably, however, in the main conclusions we draw 
from this result. : 

1. Whereas CLAUSEN characterizes the conditions found in Viola 
canina as »rather unique», I would say that by accident only such 
conditions happen to have been found here as very likely exist in at 
least some populations of every Linnean species, excepting those too 
sensitive to chromosomal changes and therefore more or less mono- 
typic. Viola canina is thus brought in line with most cases of »structural 
hybridity» (DARLINGTON 1929), and not a few such cases are known 
today. I need only mention the cases of ring-formation at diakinesis 
in Oenothera, Rumex, Rhoeo, Tradescantia, Aucuba, Pisum and others 
and the fragmentation found in Zea, Secale, Solanum, Nicotiana, Ra- 
nunculus, Tradescantia, Ribes, Primula and others. In some of these 
cases the »asymmetrical» nature of the nucleus is, no doubt, of primary 
nature or directly transmitted to the offspring, but in other cases the 
structural hybridity has probably reappeared after a cross with a cyto- 
logically different race. The best known case of chromosome con- 
figurations in intra-specific hybrids is Datura Stramonium, where five 
main chromosomal types have been found in different varieties by 
BLAKESLEE, BELLING and co-operators (cf. the latest report, BERGNER 
and BLAKESLEE 1931). Another example is recently found by me in 
Ranunculus acris L., of which wild plants having extra fragments are 
known from the neighbourhood of Stockholm (LANGLET 1927), Uppsala, 
Kalmar and from Torne Lappmark. Morphologically most of these 
plants belong to different races, and they grow together with externally 
quite similar, yet cytologically balanced plants. The conclusion is here 
inevitable that the structurally hybrid plants do not belong to a certain 
race, which has spread over a great part of Sweden, but that they are 
intra-specific hybrids having their origin in the coming together of 
balanced races. The Torne Lappmark type is perhaps a primary change 
of chromosome configuration or directly transmitted from such one, 
but the other cases are, no doubt, the result of crosses between one or 
two synanthropous races, recently spread along roadsides to cultivated 
areas and pasture-lands, and the natives of our Ranunculus acris 
meadows. 

2. To explain the existence of cytological differences, CLAUSEN in 
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the first place mentions a polyphyletic origin of the species and 
crossings with another species (in the case of Viola canina with V. Rivi- 
niana and an unknown species), whereas I would identify these changes 
with the evolution of new subspecies and varieties. 

3. »How all these cytologically different types morphologically 
still remain canina is difficult to account for», CLAUSEN says (1931 a, 
p. 84). I would refer to the discussion above (p. 68), where it was 
decided that cytologically different races may have identical equipments 
of genetic factors. The extra chromosomes and fragments are, no doubt, 
duplicates of other chromosomes. 

4. As CLAUSEN considers irregular chromosome numbers as cha- 
racteristic of the whole species V. canina, it must be pointed out that, 
according to the theory advocated here, balanced populations ought 
to exist, specially in natural habitats far away from human activity. 
Their occurrence in Denmark is less probable, however, considering 
the high degree of cultivation of the country and the fact that V. canina 
is highly hemerophilous. 

In addition I want to point out the relative ease with which a 
cytologically balanced population of certain species apparently is in- 
fected by a cytologically dissimilar race. The reason must be that the 
viability of the F, plants is not decreased, and that they give a high 
proportion of gametes identical with those of both the parental races 
and thus have the same chance as these of surviving and further in- 
fecting the population. In inter-specific hybrids, no gametes similar to 
the parents are usually formed and a lower degree of fertility is the 
result. 

Finally, as this conception of the irregular species depends on the 
original change as the primary cause of the structural hybridity found 
in intra-specific hybrids, a few words ought to be said as to its origin. 
However, nothing new is brought forward from CLAUSEN’s or my in- 
vestigations bearing on this subject, other than an indication of its 
minimum frequency and importance for evolution. As to its frequency, 
a reference may be made to Primula, where in a cytological study 
(BRUUN 1930 b) of some 250 plants of 150 species, not less than some 
25 cases of »asymmetric» somatic nuclei have been met with (BRUUN 
1930 a, 1931). Structural variation is certainly much more common and 
widespread in the vegetable kingdom than has hitherto been assumed. 
It is, no doubt, associated with the evolution of new varieties and sub- 
species and the dissimilar chromosome constitution of different po- 
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pulations of Viola canina:is a strong indication in favour of this 
hypothesis. 

I wish to acknowledge my debt to Mr. E. NORDSTROM, Mr. J. A. 
NANNFELDT, fil. lic., and Mr. N. HYLANDER, fil. stud., for their help in 
different ways. 


SUMMARY. 


1. This little study of somatic chromosomes in a wild population 
of pure Viola canina L. from the neighbourhood of Uppsala was started 
in consequence of CLAUSEN’s interesting report (1931 a) on cytological 
irregularities of this species in Denmark. The Uppsala material, how- 
ever, does not show any irregularities of extra chromosomes or frag- 
ments, and must therefore be cytologically better balanced than the 
Danish types. In all plants examined 2n is 40. 

2. A theory is advanced to explain at least some cases of structural 
hybridity as being the result of intra-specific crossings between balanced 
races differing in chromosome organization. The relation of different 
kinds of structural changes, fragmentation. translocation, segmental 
interchange and inversion, is discussed, each being theoretically found 
able directly or indirectly to give the other types. As to the origin of 
the original primary change nothing is brought forward. DARLINGTON 
(1929, p. 281) questions »whether» (in the Tradescantie) »structural 
change is responsible for hybridity or hybridity for structural change». 
According to the theory suggested here the change must be spontaneous 
and primary, the structural hybridity the result of intermixing of al- 
ready segregated races. In my opinion, this change is decidedly asso- 
ciated with evolution of new subspecies and varieties. 

3. The irregularities found in Viola canina are recognized as an 
illustration of this theory. Accordingly, balanced races ought to exist, 
specially in unbroken districts. In Denmark, the general cultivation 
of the country has favoured intermixing of different races. A balanced 
population from near Uppsala is a confirmation of the theory. 

4. Morphological similarity of cytologically different races is ex- 
plained by pointing out that the nuclear variation demanded by the 
theory is a rearrangement of chromatic substance and may not affect 
the genotype. 

5. Besides the wellknown important Datura investigations, an as yet 
unpublished study of chromosome fragmentation in Ranunculus acris 
is quoted in further illustration of the theory. 
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6. Spontaneous nuclear variation is concluded to be of common 


occurrence in plants. 


7. Investigation of artificially obtained intra-specific hybrids is the 


line of further inquiry into these problems, and may throw new light 
upon variation and evolution. 
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DISTURBED SEGREGATION RATIOS IN 
GALEOPSIS CAUSED BY INTRA- 
SPECIFIC STERILITY 


BY ARNE MUNTZING 
SVALOF, SWEDEN 





INTRODUCTION. 


[* previous publications I have described and discussed cases of 
partial sterility in crosses between pure lines of Galeopsis Tetrahit L. 
(MUNTZING 1929, 1930). These cases of intraspecific sterility are 
relatively uncomplicated and may be factorially analysed. As a rule, 
sterility segregation is independent of segregation in flower colour and 
other morphological characters. In one case, however, the cross 
T—B X T—C, correlation was found between segregation of flower 
colour and sterility. 

Two factors are involved, H and R. R is a red factor, giving red 
flower colour, rr-plants are recessive white. The H-factor is an inhibi- 
tor, Hr- as well as HR-plants being dominant white. Dominant and 
recessive white plants may be distinguished with absolute certainty, the 
recessives (the T—C-type) having a distinct violet spot on the basis of 
the side laps, which is suppressed when the H-factor is present. — In 
the following, as in the previous paper (1930, p. 218) dominant white 
is called »white», recessive white is called »T—C»>. 

The lines crossed, T—B and T—C, have the constitution HHRR 
and hhrr respectively. In F, the segregation ratio obtained was quite 
different from the expected 12:3:1 ratio. There was a great deficit 
of red plants and an excess of the T—C category (see 1930, p. 218). 
The F,-hybrids are partially sterile, about half of the pollen being 
aborted. It was assumed that the sterility observed, as well as the 
disturbed segregation, was due to lethality of the recombination gametes 
Hr and hR. Further, this lethality was supposed to be complete in the 
pollen but not in the ovules, where, to a minor degree, Hr- and AR- 
gametes are also functional. This hypothesis was verified by an ana- 
lysis of the F.-generation. As was to be expected (see 1930, p. 220) 
the segregation of flower colour was not independent of the sterility 
segregation, the redflowered F.-plants being semisterile, the T—C-plants 
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fertile, the whites in part fertile, in part sterile. — (Here and in the 
following »partially sterile» is abbreviated to »sterile».) 

Among the T—C-plants two exceptional semisterile individuals 
were found. To explain this, it was assumed that the lethality of the 
hR- and Hr-gametes is due, not to the action of these factors per se 
but to a not absolute linkage with lethal factors. The lethal factors 
are called L and L,. Gametes containing L + L, or 1 + 1, are assumed 
to abort in contrast to gametes containing L + 1, or 1+ L, (see 1930, 
p. 221). In regard to the two pairs of chromosomes, carrying the lethal 
factors and the flower colour factors, the parent lines, T—B and T—C, 
have the constitution a +R and - or respectively. 

HL , Ri, : , aia 

In F, (5 +57 )most of the vital gametes have the constitution 
hi+ rL, and HL + Rl,. To a minor degree other types of gametes are 
also functional. These belong to two different categories: 1) Such 
types which arise by crossing over in one or the other of the chromo- 
some pairs or in both pairs simultaneously. These types are represented 
to an equal degree in both pollen and ovules. 2) Gametes which are 
lethal in the pollen but to some degree functional in the ovules. Con- 
sequently, the following 16 types of gametes may be formed and 
function (table 1). 





TABLE 1. Types of F,-gametes. 

















| Nl l ve Pee 
| No. | Vital gametes No. F ollen-lethal 
| | gametes 
Non- — oe HL + Rl, 9 | HL+rL, 
crossover | 2 hi+rlL, 10 Al+ Rl, 
Crossover | - 3 | H+rlL, | | HL-+ Rl, 
in one | 4 | hL + Ri, 12 hL+rlL, 
chromosome 5 | AL + rl, is | HL+ RL, 
pair 6 hl+ RL, 4 | hl + rl, 
| | 
Crossover in | 7 AL +- rl, ae hL+RL, 
both pairs | 8 Hl+ RL, 16 Hi+rl, 





The relative frequency of these gametes depends in part on the 
linkage values, in part on the relative viability of those female gametes 
that have a pollenlethal constitution. 

In the report of the F.-results it was concluded (1930, p. 221) that 
two exceptional semisterile T—C-plants must have the constitution 
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AL , rl 
Al rl Therefore, they ought to be the result of a union between 
wa 


one normal hl + rL,-gamete and another gamete hL + rl,. Gametes 
of the latter kind would result from a simultaneous crossover in both 
chromosome pairs. — However, another and more probable origin of 
semisterile T—C-plants was overlooked. Gametes resulting from cross- 
over in one pair, fl 4- rl, and AL + rly, are lethal in the pollen but 
to some degree functional in the ovules. Combined with ordinary 
hl + rL,-gametes the result will be os + a or + . These com- 
binations will give T—C-plants, which are semisterile in the pollen. 

In order further to test the theory, given as an explanation of the 
F,-results, F;- and F,-generations were raised and analysed as to 
segregation of flower colour and its connection with the sterility condi- 
tions. The present paper gives the F;- and F,-results and some additio- 
nal data from another cross. 





THE F,-GENERATION. 
1. PROGENIES OF RED F,-PLANTS. 
According to the theory, the redflowered F.-plants have the con- 


stitution In the pollen AR is completely lethal (excepting the results 


hr 
hR 
of crossing-over between the flower colour and lethal factors), in the 
ovules this combination is partially lethal (»sublethal»). Therefore, 
only one kind of male gametes (hr) are vital. On the female side most 
functional gametes have the same constitution, but also hR-gametes 
may function to some degree. The result in the progeny must be a 
majority of recessive T—C-plants and a minority of redflowered in- 
dividuals. This result was in fact obtained (table 2, nos. 1—5). 

Five progenies * of redflowered and partially sterile F,-plants all 
consisted of a higher number of recessive than dominant individuals. 
A total of 51 red and 132 T—C-plants was obtained. Thus, instead of 
segregation in 3 red: 1 T—C, the ratio is almost completely turned into 
the opposite direction, giving about 3 recessive : 1 dominant. This is in 
complete agreement with the explanation given for the F,-results. 

The theory might be further verified or disproved by investigations 
of the pollen fertility. According to the theory, homozygous recessive 





hr 
plants (iz) should be generally fertile, the heterozygous redflowered 


1 All progenies described in this paper are the result of controlled selfing. 
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TABLE 2. Segregation ratios in progenies of redflowered F.- and 


















































F,-plants. 

3 _ 
Pollen per- 
| Tatele Gene- Field | | centage of | Per cent 
| num- : | red T—C n | 
| ber |ration number | | the mother red 
| | plant 
| | | | | 
| 1 | F, | 1930-19 | 865 22 27 | 46 zi 
| 2°) =» | —20 | 7 27 34 | 51 _ 
se - 25 43 68 | 54 ies 
ie pe 7 —22 | 2 13 15 | 38 — 
eee —- 12 27 39 |56 we 
11-5| » | F, total) 51 132 | 183 | 49(average)| 27,0 + 3,3 
| | 
| 6 | F, | 1931-20 10 21 31 | 50 ss 

7 | » | | 6 21 27 |59 - 

Riot —# 2 20 22 | 44 - t 

9] » | —2 | 9 26 35 | 49 — 

6—9 » | | 27 88 | 115 | 51(average)| 23,5 + 3,9 

| | | 
10 » | 1931-25 | 10 18 28 | 70 i oe 
| 11 » | —26 | 11 24 35 |74 _ ‘ 
122 | » | —27 |; 17 3 30 | 63 Bae 
| 13 | » | —28 | 12 23 35 | 67 ; o— 
1] #3 | 7 17 24 | 62 _ 
10—14| » | | 57 95 152 67 (average)| 37,5 + 3,9 
| | 

| 15 | » | 1931-29 | 27 14 41 |94 | -- | 
| 16 | > | —— |i 7 32 |93 | -- 
. ao i | 10 6 16 |92 } — 
| 18 | » | =F 1 | 5 16 |95 — 
| 19 | >» | —33 | 20 | 7 27 | 98 — 
/ 20 | » | a | 20 | 6 26 | 98 — 
15—20 “oe ae | 13 | 45 158 | 95 (average)| 71,5 + 3,6 
| 21 | » | 1931—34 | 23 | 6 29 | 64 79 

















plants should be semisterile just as in F,. In analogy to F, a small 
percentage of exceptions (sterile recessives and fertile dominants) 
should also be obtained due to crossing-over between lethal factors and 
flower colour factors. 

In all plants of the five F;-families under discussion the percentage 
of good pollen was calculated in the usual way. The result is given 
in table 3, nos. 1—5. 

Obviously the sterility conditions as well as the disturbed segrega- 
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tion ratios are in perfect agreement with the theory. Among 51 red- 
flowered plants 43 are clearly sterile, the remaining 8 are fertile. On 
the contrary, out of 132 white-flowered plants at least 113 belong to 
the fertile category, the rest being more or less sterile. 


2. PROGENIES OF F,-PLANTS OF THE T—C-TYPE. 

Four F;-families were raised from F,-plants of the T—C-type. In 
all, 112 individuals were obtained, all of which had the same type of 
flower colour as their mother plants. Three of the progenies were the 
descendants of fertile F,-plants and consisted exclusively of fertile or 
practically fertile individuals (table 3, nos. 6—8), one family was raised 
from an exceptional, partially sterile F,-plant. In contrast to the fertile 
progenies the last-mentioned family (table 3, no. 9) consisted of both 
fertile and sterile individuals, which is in accordance with expectation. 


3. PROGENIES OF WHITE Ff,-PLANTS. 
Two fertile and two partially sterile, white F,-plants were used as 
mother plants for F;-progenies (table 3, nos. 10—13). 





A. FERTILITY VARIATION. 
a) PROGENIES OF FERTILE MOTHER PLANTS. 

Family 1931—28 consisted of 32 plants. The mother plant had 
95—100 per cent good pollen. In this progeny 27 plants had at least 
90 per cent good pollen. The remaining 5 plants had a pollen percentage 
ranging from 80 to 90 per cent (table 3, no. 10). Most probably the 
slight sterility in these plants was due to modificatory disturbances. 

Progeny 1931—30 consisted of 33 plants of which 32 were fertile 
like the mother plant, one plant, however, was partially sterile contrary 
to expectation (table 3, no. 12). An F,-progeny was raised from this 
exceptional plant (see below, p. 89). 


b) PROGENIES OF STERILE MOTHER PLANTS. 


One F.-plant had on an average 36 per cent good pollen. The 
progeny (n= 23) consisted of 13 fertile and 10 approximately semi- 
sterile individuals (table 3, no. 13). Another F;-family (1931—29) from 
a mother plant having 71 per cent good pollen showed another type of 
sterility variation (table 3, no. 11). Among 44 plants 4 were semi- 
sterile, 12—13 had about the same degree of sterility as the mother 
plant and the remaining plants were fertile. This reminds of the type 
of sterility variation found in the »quartersterile» crosses (cf. 1930, 
p. 226). Consequently, though in the cross now discussed the partially 
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sterile individuals generally show abortion of about half of the pollen, 
quartersterile individuals seem to arise which in the following genera- 
tion give a different type of sterility variation. 


B. SEGREGATION RATIOS. 

The two progenies of sterile white mother plants were constant in 
respect of flower colour, the two progenies of fertile mother plants 
gave segregation. Family 1931—28 consisted of 24 white and 8 T—C- 
plants, family 1931—30 gave the ratio 27 white: 4 red: 2 T—C. As 
in these cases mother plants as well as progeny were fertile, the values 
found probably correspond to the segregation ratios 3:1 and 12:3: 1 
respectively (cf. below p. 86). 

According to the theory most fertile white-flowered F,.-plants 
should be homozygous HHRR, being the result of a union between vital 
HR-gametes. A smaller group of heterozygous but fertile plants might 
arise from the union of normal and crossover gametes, or in rare cases 
from the union of two crossover gametes. Only progenies of two fertile 
white F.-plants were raised, but it is surprising to find that both of 
them were heterozygous. According to the segregation ratios the geno- 
typical constitution of the mother plants was Hhrr and HhRr re- 
spectively. — Consequently it seems safe to conclude that a higher 
proportion of white flowered and heterozygous, but fertile F.-plants 
arise than can be explained, as the result of crossing over between the 
flower colour factors and lethal factors. 

Some other unknown cause must be in part responsible. It may be 
remembered that in several crosses previously described (1929, p. 308; 
1930, p. 223) progenies segregating in fertile and sterile, showed a 
relative excess of fertile individuals. This was also the case in the 
present cross T—B x T—C, at least concerning the white F,-plants. 
More than twice as many sterile as fertile plants should be expected 
(see the scheme 1930, p. 219) but in fact more fertile than sterile plants 
were obtained. If e. g. selective zygotic viability or some other cause 
favours the fertile category, this may at least in part also explain the 
unexpected frequency of heterozygous but fertile, white F,-plants. 











THE F’,-GENERATION. 


Though in all main respects the F;-analysis confirmed the ex- 
planation given for the F,-results, some obscure points remained to be 
further investigated. Therefore, from 26 F;-plants F,-progenies were 
raised, comprising a total of 721 plants. 
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1. PROGENIES OF RED F,-PLANTS. 
A. PROGENIES OF STERILE RED. 
a) SEGREGATION RATIOS. 


From 9 F;-plants a total of 267 daughter plants was obtained. As 
was to be expected these progenies showed the same type of segrega- 
tion as the corresponding F;-families, viz. instead of 3:1 segregation 
a great excess of the recessive T—C-plants and a minority of the domi- 
nant red plants. In all 84 red: 183 T—C-types were obtained (table 2, 
nos. 6—14). 

However, different families seem to give somewhat different pro- 
portions of red: T—C. As to the degree of sterility there was some 
variation among the mother plants, the percentage of good pollen 
ranging from 44—74. Now the most sterile mother plants seem to 
give a lower proportion of red flowered descendants than the others. 
Four mother plants having from 44—59 per cent good pollen, gave in 
the following generation on an average 23,5--3,9 per cent redflowered 
plants (table 2, nos. 6—9). The other five families which were raised 
from more fertile mother plants (the pollen percentage = 62—74) gave 
an average of 37,5--3,9 per cent (table 2, nos. :10—14). The difference 
37,5 — 23,5 = 14,0-++-5,5 is probably significant, the odds being 81: 1. 








If in a plant of the constitution i all hl + RI,-gametes, male 
as well as female, are eliminated, the progeny will consist exclusively 
of recessive T—C-plants. As a minority of red plants is also obtained, 
and since on an average 50 per cent of the pollen is aborted, it is 
probable that ovules carrying the red-factor are to some extent 
functional. If more than 50 per cent of the pollen is good, pollen grains 
carrying an otherwise lethal constitution, are at least morphologically 
normal. They may perhaps also be functional but probably they will 
not be able to compete with the other vital class of pollen grains. More 
likely the increased proportion of red plants is due to an increased 
ability of ovules, carrying the red-factor, to function. The higher male 
and female fertility may be due to environmental factors or possibly 
to genetic modifiers. 





b) FERTILITY VARIATION. 

As in F, the progenies of red sterile chiefly consisted of fertile T—C 

and sterile, redflowered plants. A minority of sterile T—C and fertile 
red was also obtained. The fertility variation is given in table 4. 

In regard of flower colour segregation, progenies of mother plants 




















= | 
* | 
| 
| 


SEGREGATION 


DISTURBED 





(a8va1aAr) 


09 









































| ee ee ee J-L ‘18109 | q6—qT 
L9| & — ee ee ee en ee (inc . 2 16 
| 69; 1 | SE gens ene ll ee cece at « ‘Be qs | 
| tL | ee Ms ES RS a. i ae ei ees ee, ee. a « 9¢— qL | 
OL | 8st FN ee Eat Cie Mme kit « q9g | 
co | OF eee ee ee ee ES ee a ee «  “Eo—- q¢ | 
6h | &% ee ee c qy 
th | 8t ay ee oe ee ee a a ‘ | «8 | 
6S | 0% ee ae ee ee ee a ee a ee . = | ae | 
oc | Iz oes fee we ee ae om O-L ‘0Z—1861 | 1 
| #8 Sa m@reeeae ieee: =f ore par “Jej0y_— | BEET 
(a8esaav) 49 | LE 2. <2 ee ee? eS per ‘[vjo} | vg—eG 
49 | Seas wee ae ee ee Be ee is, a. | 86 
| ie ee ee ew Oe eS se. Se eee : | 88 
th | | = #42. 2 2 =e ws Fe SS Se ee « ‘9¢g— BL 
OL | ot ww ee 2 es Fee fee eS Pee . ye vg 
69 L | . 4.°¢%3, + & weg 4 gf ee oe EO pot ‘EZ—T€61 Bg 
(aBeiaae) 1¢ | Le wees ee ee ee ee Oe eee ices <« To | ee-*1 
6F | 6 re Ly oe ee a pam Bi fe ¢ vd ra a SS as 20 SRS SS ERS « ‘FZ— | CTP 
HF | Z | os I —-_-—-----—---—--—-— iy] es Ve Gee ese | At eeeees « ‘cu ee 
6S | 9 | € I eam ‘te peed en aie aia — an I I pean ies (44 Coeneeoe0 « —— Lard 
03 | or | —_ ff ~- yg = |S. 2 ee ee Se ee Oe pal ‘Oc—Is6l | BT 
| | | 
| Q ee ee ee eee eee 
yuyjd sayjour | _ % 00I—S6—06—S8— 08 —SL— 0L— 29 —09 — 28 — 08 — SF —0F — SE —0E anojoo pre 
ay} jo afezy | u | AaMOoy jo adh} 7 . 
-uaoiad ua[od | uwet1od poog | pue dequinu pal ott L 
| | | 














*syun}d-* J 





Hereditas XVI. 











82 ARNE MUNTZING 








having 62—74 per cent good pollen gave a higher percentage of red- 
flowered descendants than mother plants being more sterile. It may 
be mentioned that a difference in the relative frequency of red sterile 
and red fertile was also observed, according to the type of mother plant. 
The more sterile mother plants (table 4, nos. 1—4) gave in F, 63 per 
cent sterile and 37 per cent fertile red, the other category of mother 
plants (table 4, nos. 5—9) gave 72 per cent sterile and 28 per cent 
fertile red. Though the difference is not significant, it supports the 
view that in relatively fertile mother plants a higher proportion of 
ovules, carrying the pollen lethal constitution, are functional. 

When the relative frequency of red sterile : red fertile is compared, 
it is striking that the proportion of fertile red seems to increase in 
successive generations. In F, the 21 redflowered plants obtained were 
all partially sterile, in F; 43 plants were sterile, 8 fertile (15,7--5,1 % 
fertile), in F, the proportion was 58 sterile : 26 fertile (32,1--5, % 
fertile). 

The difference between F, on the one hand, and F, and F, on the 
other, may be due to the fact that red F.-plants are the descendants of 


HL , Ri 
F,-plants having the constitution hl ig whereas red F;- and F,- 
“A 


alk ; a, 1 
plants generally arise from plants of the constitution hi RL . Theo- 
1 


retically red, semisterile F.-plants may also have the constitution 
hl rL, 
hL RL,’ 
means of simultaneous crossover in both chromosome pairs (cf. table 1) 
and only part of the female gametes, carrying the pollen lethal factors, 


function, hL + RL,-gametes must be very rare. Therefore, practically 


sian pe A. 
all red, semisterile F,-plants have the constitution ht RL’ Such 
sn : 1 


However, as hL + RL,-gametes can only be formed by 


plants form functional gametes of the following types: 


non-crossover crossover 
NS ii x henenda ew kess hil + rL, hl + RL, 
PII 5 5 55S 5wids eewens hi + rL, hi + RL, 

(hl + RL) (hl + rl,) 


The pollenlethal combinations which function to some degree in the 
ovules are put in brackets. 

The eight possible combinations between these four types of gametes 
will give the following result (table 5). 
Now, in F, red sterile plants may be formed in two ways, partly 
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due to functioning of female gametes having pollenlethal constitution, 
partly due to the formation of crossover gametes. As may be easily 
calculated from the types of F,-gametes given above (table 1) red sterile 
may e. g. result from the union of one normal gamete hl + rL, and one 
single crossover gamete hL + Rl,. 

In F; and F, the situation is different. As will be seen from 
table 5, red sterile plants can here only arise in the first way, viz. by 
functioning of ovules carrying pollen lethals. The combinations normal 
X single crossover give here only red fertile. This may explain the 
higher percentage of red fertile in F; and F, in comparison with F,. 


TABLE 5. Possible combinations in the progeny of red, semi-sterile. 





Al-+rL, hl + RL, 
— 1) pl+rk, 2) pAL+RL, 1) = T—C, fertile 
le Ba Al+rbL, | hl+rL, 2) = red, » 
Pe ea 
| 19 wttre, | at+RL, = >, > 
eh) 2, | ope, 4y= », » 
| avian Cs a8 —s : 
i | 5) hl +rL, 6) Al + RL, 5) = DD, sterile 
(hl + RL) | hl + Rl, Al + Rl, 6)= », » 
© ais 8) 7) = T—G, steril 
hl Z ATAORE 7) 1, Sterile 
(ltr) | > ia 
| i 


-rl, hAl+ rl, 8) = red, » 


However, when F; and F, are compared it will be seen that the 
percentage of red fertile is not the same but higher in F, than in F;, 
the values being 32,1-+5,1 % and 15,7--5,1 % respectively. The dif- 
ference is 16,4-+7,2 and D/m, = 2,3. The odds that this difference is 
significant are 47:1. At present no sure explanation can be given of 
this increase in fertility. 

c) ESTIMATION OF THE AMOUNT OF CROSSING-OVER BETWEEN FLOWER 
COLOUR AND LETHAL FACTORS. 

Theoretically the amount of crossing over between the R- (rsp. r-) 
factor and the lethal factors L,—l, may be estimated by comparing the 
relative frequency of different categories in the progenies from red semi- 
sterile. According to the scheme (table 5), combination no. 1 gives the 
category T—C fertile and combinations 2—4 red fertile. If the fre- 
quencies of non-crossover- and crossover-gametes are a and b resp., 
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the number of T—C fertile—n and of red fertile m, the following 
equations will be obtained: a*’—n and 2ab+b?’=m. In F, the 
values 115 T—C and 8 red were obtained, plants with 85—100 % good 
pollen being regarded as fertile. In F, the corresponding numbers were 
162 and 26. This gives the a/b values 29 and 13 resp. That is, in the 
first case about 3 per cent crossover gametes, in the second case about 
7 per cent. 

Another way of estimating the amount of crossing-over should be 
to compare the frequency of categories 5 and 7 of table 5. Category 5 
(red sterile) is the result of a union between a vital male non-crossover 
gamete hi 4- rL, and a female »sublethal» hl + Rl,-gamete. Combina- 
tion 6 of the scheme also gives red sterile but must be very rare and 
may be disregarded, being a combination between a male crossover 
gamete and a sublethal female gamete. Combination 7 is the only 
combination giving T—C sterile and results from the union of one 
normal gamete hi + rL, and one crossover gamete Al + rl,. If the 
viability of the two kinds of female gametes, non-crossovers (hl + Rl,) 
and crossovers (hil + rl,) is the same, the relative frequency of red 
sterile and T—C sterile should give an approximate value of the 
amount of crossover. If, as previously, the limit between fertility and 
sterility is placed at 85 per cent good pollen, the values obtained in F; 
are 43 red sterile : 17 T—C sterile. In F, the corresponding ratio 58 : 15 
was obtained. This would give the crossover values 28 and 21 re- 
spectively. Evidently these values are in poor agreement with the values 
3 and 7 obtained by the previous method. 

However, this is most probably due to the fact that sometimes it is 
impossible to draw a sharp line between the two categories fertile and 
partially sterile. When a large number of genotypically fertile in- 
dividuals are investigated, some individuals will show some degree of 
partial sterility due to modifying causes. This has been observed in 
pure lines (cf. table 8, p. 90) and other progenies from fertile mother 
plants, especially at the end of the flowering period. In this respect 
table 6 (p. 87) ist instructive. In the progenies from fertile mother 
plants the fertility curve is skew. The maximum is generally in the 
highest fertility class and the lower classes show a continuous decrease 
in number of individuals. But some plants may have as much as 
30—40 per cent bad pollen. In the F;- and F,-progenies of red semi- 
sterile the majority of the plants belong to the category T—C fertile. 
A small number are T—C sterile. If the limit between fertility and 
sterility is placed at 85 per cent, some genotypically fertile plants will 
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show less than 85 per cent good pollen and hence the category T 
sterile will be falsely increased. This will give a false relation red 
sterile : T—C sterile, because the sterile, red plants will not get a similar 
addition of pseudo-sterile plants. This is due to the fact that the cate- 
gory red fertile is very small in relation to the category red sterile in 
contrast to the relation between T—C fertile and T—C sterile. There- 
fore, calculations of the amount of crossing-over based upon comparison 
of the relative number of sterile red and sterile T—C will give a too 
high crossover value. Comparison of the number of fertile T—C and 
fertile red on the other hand will give more reliable figures. Conse- 
quently, the crossover value under discussion may be roughly estimated 
to be 5—10 per cent. 

d) ESTIMATION OF THE RELATIVE FREQUENCY OF VITAL AND SUBLETHAL 

FEMALE GAMETES. 

By sublethal female gametes are understood the types having a 
pollenlethal genotypical constitution (L + L, or 1+ 1,). As previously 
shown these combinations function to a certain extent in the ovules. 
The majority of the female gametes, however, have the vital constitu- 
tion L+1, or 1-+L,. The relative number of functioning vital and 
sublethal female gametes may be estimated by comparing the numbers 
of fertile and sterile descendants from red sterile mother plants. As is 
evident from table 5, all sterile individuals (combinations 5—8) result 
from the union of sublethal female and vital, male gametes, all fertile 
plants (combinations 1—4) from the union of vital female and vital 
male gametes. , 

The number of fertile and sterile individuals in F,; and F, (des- 
cendants of red sterile) may be taken from tables 3 and 4. If the 
limit between fertile and sterile is placed at 85 %, the numbers obtained 
are, in F;, 123 fertile : 60 sterile. and in F, 188 fertile : 73 sterile. Con- 
sequently, the percentage of functioning sublethal female gametes in F, 
and F,; will be 33 and 28 respectively. However, these values cannot 
be very accurate. Firstly, modificatory sterility may tend to increase 
the percentage (compare the preceding paragraph). Secondly, if there 
is a zygotic selection, favouring the fertile combinations (comp. p. 79) 
the percentage values obtained are minimumvalues. 

However, if the pollenlethal combinations were also lethal in the 
ovules, the semisterile red plants would give only fertile descendants. 
If, on the other hand, all kinds of ovules are equally viable and if no 
zygotic selection occurs, fertile and sterile individuals would be obtained 
As a majority of fertile plants are actually obtained, 








in equal number. 
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this must be due, either to a higher proportion of functioning, non- 
lethal ovules or to zygotic selection or to both phenomena. This will 
be further discussed below (p. 95). 


B. PROGENIES OF FERTILE RED. 
a) SEGREGATION RATIOS. 

The red, sterile F.-plants gave in F; a clear delimitation in 8 fertile 
and 43 partially sterile individuals (table 3). As previously discussed 
(see table 5) the fertile red plants must in most cases result from the 
union of one crossover gamete and one normal gamete (combinations 2 
and 3). Only in very rare cases two crossover gametes may meet and 
form homozygous red plants (combination 4). 

Consequently, most red fertile plants should in next generation give 
segregation in red and T—C. As the mother plarts are fertile and there- 
fore no selective elimination of gametes due to sterility can occur, these 
plants, in contrast to their sterile mother plants, should give normal 
monohybrid segregation in 3 red: 1 T—C-type. This also proved to 
be the case. From 6 of the fertile red F;-plants a total of 158 descendants 
were raised, of which 113 (that is 71,5-3,6 per cent) were red, 45 of 
the T—C-type (table 2). These 6 families (table 2, nos. 15—20) gave 
all segregation ratios, which evidently correspond to normal mono- 
hybrid segregation. They contrast strikingly to the progenies of red 
sterile plants (table 2, nos. 1—14), where the 3 : 1 segregation is almost 
changed to a 1 : 3 ratio. 

In this connection it may be remembered that two F;-families 
described above (p. 79) which were raised from white, fertile F,-plants 
gave segregations most probably corresponding to the ratios 3:1 and 
12:3:1. 

Thus, when fertility is normal, segregation is also normal, when 
partial sterility occurs segregation is very much disturbed. In combi- 
nation with the previous results this agreement between prediction and 
actual observation definitely proves that fertility conditions and segrega- 
tion ratios are correlated in this cross. And it seems quite safe to 
conclude that partial sterility here is the cause of abnormal segregation 
ratios. 





b) FERTILITY VARIATION. 

The mother plants of the six progenies of red fertile had from 92 
to 98 per cent good pollen. Among the daughter plants there was some 
variation (table 6, nos. 1—6), a few individuals showing as much as 
30—35 per cent abortion of pollen. However, the highest fertility 
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TABLE 7. Pollen fertility in F,-progenies of different types of sterile F;-plants. 
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class is the greatest one and, as previously argumented, the slight 
amount of partial sterility observed must be ascribed to environmental 
influences, not to a lethal genotypical constitution of the pollen grains. 


2. PROGENIES OF RECESSIVE WHITE F,-PLANTS (THE T—C-TYPE). 


“ 


All progenies of F;-plants of the recessive T—C-type were constant 
in flower colour type. As to fertility some progenies were obtained 
from fertile, others from partially sterile mother plants. 

A. PROGENIES OF STERILE T—C. 

Three F;-plants with a pollen percentage of 57, 52 and 58 re- 
spectively gave in next generation progenies, comprising a total of 82 
individuals (table 7, nos. 1—3). Of these plants 56 had from 85 to 100 
per cent good pollen, the remaining 26 were partially sterile, the 
percentage of good pollen varying from 40 to 85 with a possible maxi- 
mum at 55—60. This is in agreement with expectation, since sterile 


hl L 
T—C-plants of the type oT <a should be expected to give a majority 
1 


of fertile and a minority of sterile descendants, the latter ones due to 
partial functioning of female Al + rl,-gametes. 

The proportion of fertile to sterile plants in these progenies may 
also be used for calculation of the relative frequency of vital and sub- 
lethal female gametes. The same argumentation as given above for the 
progenies of red sterile, holds good also for the present case. If the 
values of the three F,-families and one F;-family of the same type 
(table 3, no. 9) are added, the relation of fertile to sterile plants will 
be 71:33. According to this, 32 per cent of the functioning female 
gametes carry the pollen lethal constitution which is in agreement with 
the previous values 33 and 28 (see p. 85). 

B. PROGENIES OF FERTILE T—C. 

In addition to the fertile F;-progenies of fertile F,-plants two F,- 
progenies of the same kind were raised. These progenies (table 6, 
nos. 7—8) were investigated at the end of the flowering period, and 
probably therefore they show some variation in fertility. Most probably, 
however, they are genotypically of the same kind as the F;-progenies, 
where no plants have less than 85 per cent good pollen. 





3. SOME EXCEPTIONAL PROGENIES. 


A) As already mentioned (p. 78) in one F;-progeny (table 3, no. 12) 
there appeared an exceptional plant which was partially sterile in con- 
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trast to the mother plant and 32 sister plants. The plant in question 
was redflowered and gave in F, a probably monohybrid segregation iii 
23 red : 6 T—C (table 2, no. 21). The fertility of these plants was in- 
vestigated (table 7, no. 9). Some plants were fertile, others more or less 
sterile. As to fertility there was no evident difference betweeen the 
red and T—C-plants. Thus, in this case the sterility observed does not 
affect the segregation ratio. This may be connected with the fact that 
the mother plant arose as an exception in an otherwise fertile progeny 
of a fertile mother plant. No sure explanation of the case can be given 
at present. 


TABLE 8. Pollen fertility in pure lines of Galeopsis Tetrahit and bifida. 
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B) Besides the three F,-progenies of semisterile T—C-plants three 
other progenies of T—C-plants were raised (table 7, nos. 4—6). In the 
latter case the mother plants had 75, 78 and 81 per cent good pollen 
respectively. These families were grown to see whether mother plants 
having about */, of their pollen aborted, would give the same kind of 
variation in next generation as the F;-family previously described. This 























DISTURBED SEGREGATION 91 





family seemed to show the same variation as in »quartersterile» crosses. 
However, the present progenies behaved differently. In progeny no. 4, 
34 out of 35 plants had at least 85 per cent good pollen. Therefore, 
these plants must all be regarded as genotypically fertile, and the sterility 
of the mother plant (pollen percentage = 81) as being caused solely by 
environment. Progeny no. 6, on the contrary, consisted of fertile as well 
as of clearly sterile individuals. The type of variation seems to be the 
same as in the progenies of typically semisterile plants. Therefore, 
though the pollen percentage of the mother plant happened to get a 
rather high value this plant was probably genotypically semisterile. 

Progeny no. 5 represents a third type. There is no clear delimita- 
tion in fertile and sterile plants, and most individuals have about the 
same amount of bad pollen as the mother plant. 

No sure explanation of the sterility in this progeny can be given 
at present. However, it was observed that in some of the plants the 
anthers were in part badly developed. Then the partial sterility in 
this family may be caused by somatic disturbances. 

C) Two progenies of dominant white F;-plants, having the pollen 
percentage 46 and 75 respectively, showed the same type of fertility 
variation as the T—C-family just discussed (table 7, nos. 7—8). 
Probably the cause of the disturbances in pollen development is the 
same in all three cases. Evidently it has nothing to do with the lethal 
factors, controlling fertility and sterility in all other progenies in- 
vestigated. 


CORRELATION BETWEEN FLOWER COLOUR AND 
SPEED OF DEVELOPMENT. 


In F; it was observed that the redflowered plants in progenies 
segregating in red : T—C, started flowering later than the recessive 
white T—C-plants. Four countings were made (table 9). The per- 
centage of red plants was at the first counting 20,1, at the second 24,9, 





at the third 25,2 and at the fourth 27,9, thus showing a continuous 


increase. When comparing the percentage of fertile and sterile plants 
at each counting, irrespective of flower colour, a still more obvious 
increase in the percentage of sterile plants took place. The values at 
the first and last counting were 21,1-- 4,0 and 32,8-++3,5 respectively, 
the difference being 11,4-+5,3 (D/m, = 2,2). It may be remembered 
that in the F,-progenies most sterile plants are redflowered, most fertile 
ones of the T—C-type. Then the question must be raised, whether 
the sterile plants are late in flowering because they are generally red- 
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TABLE 9. Speed of somatic development in F,; and F,. 























F,-progenies of | F,-progenies of F,-progenies of 
| sterile mother | __ sterile mother fertile mother 
| plants | plants plants 
n | # | « | of te ie ae 
| | red | sterile | red | sterile | red | Sterile 
| fre IRA | | 
| Ist counting...... | 103 | 20,4| 21,4 + 4,0 | 116 | 4,3+1,8) — 76 60,5 +5, = 
- i 154|240/ 260 | 183) 186 | — |125) 65 | — 
| 3rd Di ees 163 25,2! 28, |230| 26,1 — |145| 69,0 | — 
14th » — ......| 183] 27,9] 32,8 + 3,5 | 267/31,5+2,0) — | 158|71,54+3,6, — 


flowered, or if, inversely, the redflowered ones are late, because they — 
are generally sterile? The F; data alone are not sufficient to settle 
the question, but from the fact that the percentage of sterile plants 
shows a greater increase than the percentage of redflowered ones, it 
may be surmised that sterility, or something correlated with sterility. 
is the chief cause of the slow development. This view was strengthened 
by the F,-analysis. In this generation there was opportunity for 
comparing progenies of fertile as well as of partially sterile mother 
plants, both types segregating in red : T—C. Four countings were made. 





1. STERILE PROGENIES. 


As in F, the percentage of redflowered plants (table 9) shows a 
continuous increase from 4,3-+1,s % to 31,--2,9%. The difference 
31,5 — 4,3 = 27,243, is evidently significant. 


2. FERTILE PROGENIES. 


At the first counting there was 60,5-+5,6 % redflowered plants, at 
the last counting 71,;-- 3, %. The difference, 11,04-6,7, is not signi- 
ficant (D/m, = 1,5), and consequently the segregation ratio has not been 
subject to any sure alteration. 


In F, no classification in fertile and sterile was made until all plants 
had begun to flower. However, in the fertile progenies redflowered and 
T—C-plants showed no sure difference in speed of development, in 
contrast to the progenies of semisterile mother plants, where the red- 
flowered plants were later than the T—C-types. As in the latter pro- 
genies most redflowered plants are sterile, most T—C-plants fertile, it 
may be concluded, that sterility is either the cause of the slow develop- 
ment or in any case more correlated with the cause, than are the flower 
colour factors. 
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In another cross (T—B X T—G), previously described (MUNTZING 
1930, pp. 203—206), correlation between flower colour type and rate of 
somatic development was also observed. However, in this cross where 
all plants were fertile and segregation ratios normal, individuals with 
red factors started flowering earlier than the recessive plants. This was 
supposed to be caused by a pleiotropic action of the red factors. In 
view of the present results, not pleiotropism but linkage between flower 
colour factors and other factors, influencing the rate of development, 
seems to be a more plausible explanation (cf. SrKs 1929). 

Why, then, are the partially sterile plants later than the fertile 
ones? It has been shown that in the present cross the lethal factors 
manifest themselves during the haplophase and cause the death of 
certain classes of gones. Therefore it may seem curious that these 
factors should also influence the somatic development of the mother 
plant. However, it may be remembered that all partially sterile plants 


. . . . I L, e l L, 
in question have the constitution 7 a 1° all fertile plants aT i . On 
1 “a 


basis. of the translocation hypothesis (discussed in previous publications 
[MUNTZING 1929, p. 315; 1930, p. 234] ) it is natural that gametes carrying 
1+ L, or L +1, are vital and gametes of the constitution 1+ 1, or 
L + L, lethal (in the pollen) or sublethal (in the ovules). According 
to the same hypothesis / + 1,-gametes are deficient in chromatine ma- 
terial, L + L,-gametes, on the contrary, have one piece of chromosome 
Ly 


l oe 
duplicated or vice versa. Then, turning to the somatic formule, 5 -- L 
seg) | 


'. & 
and er: are balanced types, ae represents a deficiency (or 
1 i 


duplication). If that is true, it is rather natural, that the lack of 
balance should also have some effect on the diplophase. This effect 
may be the slower growth of the partially sterile types. 


OBSERVATIONS ON EMBRYO FORMATION. 


Except some measurements of the number of seeds per calyx 
(MUNTZING 1929, p. 306, table 6) the female fertility in the Galeopsis- 
crosses has hitherto not been subject to investigation. The genetic 
results, however, show that sterility is less pronounced in the ovules 
than in the pollen. In crosses where half of the pollen is bad, more 
than 50 per cent of the ovules must be functional. This also proved to 
be the case judging from the percentage of developing embryos observed 
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in sections of young and growing fruits (about 1—10 days after fertiliza- 
tion). In most cases all the four part-fruits from one flower were cul 
at the same time, and therefore there is no or slight risk that empty 
ovules will be overlooked. The sections were cut about 20 mw thick 
and stained in gentian violet. The following different types were in- 


» 


vestigated: F, of the present cross, T—B X T—C, F, of the cross T—B 
X T— X (see MUNTZING 1929), and for comparison the pure lines T—B 
and T—X. The ovules were found to contain either developing embryos, 
unfertilized but otherwise apparently normal embryosacs or, thirdly, 
undeveloped or quite obliterated embryosacs. The results are given in 


table 10. 


TABLE 10. Embryo development in pure lines and sterile 
F,-generations. 





Number Number | Number 

















Pure lines and F,-gene- | Number | of oblite- | of unfer- | of develo- pe Poagy 
rations ‘of ovules | rated em- |tilized em-| ping em- | eleeed 
| | bryosacs | bryosacs | bryos | aa 
| | | | | 
ye ee |S | 23 1 — 22 96 
ey 5 eee | 25 | 1 1 | 23 | 92 
T—B, total ............... 48 2 1 45 94 
T—X, 1931.................- 38 f | 4 30 79 
T—B X T—X, F,, 1930} 35 5 | 6 24 69 
» , », 1931) 74 13 19 422 | 5&7 
T—B X< T—X, F,, total} 109 18 25 68 62 
T—B X T-C, F,, 1931 71. 6 23 42 59 


In the line T—B 94 per cent of the ovules contained developing 
embryos, in the line T—X the corresponding figure was somewhat 
lower (79 per cent). On an average the parent lines had embryos in 
87 per cent of the ovules. 

The partially pollensterile F,-generations have a lower proportion 
of developing embryos. Seventyone ovules from a T—B XK T—C F;- 
plant showed 42 embryos, 23 apparently normal but unfertilized em- 
bryosacs and 6 obliterated sacs. The corresponding values of 109 ovules 
from T—B X T—X, F;,, were 68, 25 and 62. In this case 62 per cent 
of the young seeds contained embryos. On an average the parent lines 
T—B and T—X had 87 per cent of embryo development. This value 
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corresponds to full fertility. Then the value 62 per cent of embryos 





corresponds to 71 per cent of full fertility. The F,-plant T—B x T—C 
has about the same value. Consequently, more than half of the embryo- 
sacs are functional, which is in agreement with the genetical results. 

The non-functioning embryosacs are in most cases morphologically 
well developed and normal in appearance. However, if selective fertili- 
zation does not take place they must be physiologically bad, as in 
all probability there are sufficient quantities of functional pollen 
avialable. 

As a possible explanation of the relative excess of fertile and deficit 
of sterile plants repeatedly observed, it was suggested that zygotic com- 
petition might be the cause. This competition might take place at 
different stages. The present observations on the developing embryos 
do not indicate selective competition during this stage. Only in rare 
cases the embryos gave the impression of being in a bad condition, and 
this was no more frequent in sterile plants than in fertile ones. Neither 
does selective germination of the seeds take place. Each F;- and F,- 
family was raised from a given number of seeds. The percentage of 
plants obtained was calculated for each family. No correlation was 
found between low percentage of plants and high percentage of sterile 
individuals in the progenies. 


CYTOLOGICAL OBSERVATIONS. 


In several genera (Pisum, Datura, Zea) intraspecific sterility has 
been found to be correlated with cytological complications, viz. the 
formation of rings or chains at the reduction division. Preliminary 
investigations in Galeopsis (MUNTZING 1929, pp. 316—17) indicated that 
such irregularities do not occur in this genus. This view has been con- 
firmed by additional observations. 

Several F;-plants belonging to different categories were investigated. 
(The buds were fixed in CARNOY for some minutes and then brought 
into KARPECHENKO’s fluid. Sections were cut about 14 4 thick and 
stained in gentian violet.) Good heterotypic metaphases showed without 
exception regular pairing and no indications whatever of secondary 
association. Figs. 1—2 show the 16 bivalents in side view from one red 
fertile and one red semisterile F;-plant. Regular pairing at the hetero- 
typic metaphase was observed with certainty in two red semisterile 
plants, one red fertile, one redflowered plant, having about 75 per cent 
good pollen, and one T—C-plant with the same degree of fertility. 
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Also plants from the fertile F,-generation T—B X T—L showed the 
same regular divisions. If multiple associations occur during prophase, 
they would, most probably, persist at least to the heterotypic metaphase. 
Therefore, it seems safe to conclude that chromosomal irregularities do 
not occur in the intraspecific Galeopsis-crosses, neither in fertile nor 
in partially sterile plants. 


Seitreiexaey 


Fig. 1. Heterotypic metaphase from a fertile F3-plant of the cross T—B X T—C. 
16 bivalents, separately drawn. 


SSSR ELS 


Fig. 2. The same from a semisterile individual. > 3500. 


DISTURBED SEGREGATION RATIOS IN THE CROSS 
T—C X »YELLOW TETRAHIT». 


Similar disturbances as in the cross T—B XX T—C, described above, 
were also observed in the cross T—C X »yellow Tetrahit». The latter 
line has in main the same type of white flower colour as T—B, only a 
little more yellowish. In F, the white colour was completely dominant 
over the T—C-type, in F, there was segregation in 94 white: 14 red: 
1. The segregation of red F.-plants shows that »yellow Tetrahit», 














factor and one inhibitor. Then, the ratio 12 white:3 red: 1 T—C 
should be expected. Evidently that ratio was not obtained, and it was 
therefore assumed that also in this cross selective elimination of re- 
combination gametes might be responsible for the disturbed seg- 
regation. 

The F,-plants (8 individuals investigated) were partially pollen 
sterile, having an average of 61,9 per cent good pollen (MUNTZING 1930, 
p. 229). In F, the pollen fertility showed the same bimodal variation 
(table 11) as in the other crosses of the semisterile type. Just as in the 
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cross T—B X T. 





C, however, 
the three different flower 
colour types were correlated 
with different distribution rates 
of pollen fertility. Most of 
the T—C-plants were fertile, 
most of the redflowered plants 
sterile, and among the domi- 
nant white plants some were 
sterile, others fertile. There 
can be no doubt that the 
categories red and T—C show 
a different variation in ferti- 
lity. This makes the hypo- 
thesis probable that, also in 
this cross, the recombination 
gametes are completely elimi- 
nated in the pollen and partly 
eliminated in the ovules, the 
redflowered, sterile F,.-plants 
resulting from the union of 
one male recessive gamete and 
one female gamete, carrying 
the red factor and a pollen 
lethal constitution. 

This view was confirmed 
by two F;-progenies, one of 
which was raised from a 
fertile, the other from a semi- 
sterile redflowered F,-plant 
(table 11, nos. 4—5). 

The fertile F,-plant (the 
pollen percentage being 95— 
100) gave in F, segregation in 
42 red to 18 T—C-types which 
probably corresponds to nor- 
mal monohybrid segregation. 
The progeny of the semiste- 
rile F,-plant (which had an 
average of 56 per cent good 











Hereditas XVI. 


Pollen fertility in F, and F, of the cross T—C X »yellow Tetrahit». 


TABLE 11. 
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C, giving the same 





pollen), on the contrary, segregated in 21 red : 29 T 
excess of recessive plants as in the corresponding progenies of the cross 
T—B X T—C. 

The pollen fertility was investigated in all descendants of the semi- 
sterile and in 25 descendants of the fertile mother plant. The latter 
plants were all fertile, the pollen percentage varying between 90 and 
100. In the progeny of the semisterile mother plant the majority of 
the plants were fertile. However, about 43 per cent of the redflowered 
and 17 per cent of the T—C-plants were partially sterile (table 11). 
Thus, these progenies behave in all essentials as the analogous families 
of the cross T—B X T—C. Only the linkage between the red factor 
and one of the lethal factors seems to be weaker in the present cross. 

The crossover value may be approximately determined by com- 
parison between the number of fertile T—C and fertile red in the F;- 
progeny of the semisterile mother plant (cf. above, p. 83). About 25 
T—C and 12 red plants were obtained. If a and b are the frequencies 
of non-crossover and crossover gametes a:b will be —1 : 0,22 and the 
percentage of crossover gametes will be about 18. In the cross T—B X 
T—C lower values were obtained. 

The percentage of functioning female gametes, with pollenlethal 
constitution, may be roughly estimated by comparing the number of 
fertile and sterile F;-plants (cf. p. 85). The ratio 37 : 13 was obtained, 
which gives the percentage 26. This value is about the same as in the 
previous cross. 














DISCUSSION. 


One of the presumptions of normal Mendelian segregation is equal 
viability of the different kinds of gametes produced by heterozygous 
individuals. The main result of the present investigation is the proof 
that, in the crosses analysed, different classes of gametes have different 
viability and that this differential viability is the cause of disturbed 
segregation ratios. 

The progenies of heterozygous redflowered F.- and F;-plants are 
especially striking. If the mother plant is fertile, normal monohybrid 
segregation is obtained. If the mother plant is partially sterile, that 
means the death of all male and part of the female gametes, carrying 
the red factor. Consequently, the progeny will consist of a majority 
of recessive and a minority of dominant plants. 

In the progeny of partially sterile species hybrids the segregation 
ratios are probably often complicated by selective sterility, even in 
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hybrids where no cytological complications occur. Such is e. g. probably 
the case in the cross Galeopsis ochroleuca X angustifolia (MUNTZING 
1930, pp. 307—309). In this cross 136 F,-plants were obtained, of 
which 131 were dominant yellow-white like the ochroleuca parent and 
F,, the remaining 5 being redflowered like angustifolia. This suggests 
a polymeric segregation in a cross between non-polyploid parents 
(n=8). However, as F, is partially sterile, partial elimination of 
gametes, carrying the red factor, is a more plausible explanation. 

Intraspecific sterility may not only cause deviations from expected 
segregation ratios. In certain cases the result may be an apparent 
linkage between different factors. 

The F,-segregation of the cross T—B X T—C, described in this 
paper, gave evidence of linkage between the factors R and H (see 
MUNTZING 1930, p. 218), the gametic ratio being about 7:1. The ana- 
lysis of the cross showed this linkage to be a pseudo-linkage caused by 
selective elimination of the recombination gametes. 

In Pisum HAMMARLUND (1929) got evidence of a strong linkage 
between two pairs of factors, A and Gp. In certain crosses, however, 
the same factors gave free combination. On account of the similarity 
in experimental results between the cases in Pisum and Galeopsis, it 
was supposed (MUNTZING 1930, p. 235) that something essentially 
similar caused the linkage in both genera. In fact, this proved to be 
the case. The Pisum plants, giving linkage in the progeny, proved to 
be semisterile in both pollen and ovules (HAMMARLUND and HAKANSSON 
1930) but, on the other hand, the plants giving free combination are 
fertile. Probably thus, the strong linkage observed by HAMMARLUND 
in Pisum represents another case of pseudo-linkage, caused by elimina- 
tion of the recombination gametes. However, the possibility also 
remains that in Pisum sterility is not the direct cause of the linkage 
but only a parallel phenomenon. If, on basis of the translocation hypo- 
thesis (see HAKANSSON 1931), one of the genes is situated in the trans- 
located chromosome part, -the K-line (giving linkage when crossed to 
the double recessive type) may have both genes in the same chromo- 
some in contrast to the F-line (giving free combination), where the 
genes are situated in different chromosome pairs. However, as the 
chromosomal interchange has probably only affected a minor part of 
the chromosomes, it is at present more probable that the genes also 
in the K-line are situated in different pairs, and that the linkage 
observed is a false linkage, caused by selective sterility. 

In his »Konversions-Theorie» WINKLER (1930) interprets HAMMAR- 
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LUND’s results in terms of his linkage theory. However, the finding 
of sterility as a probable cause of pseudo-linkage in Pisum does not 
favour the application of WINKLER’s theory to this case. 

The cases of pseudo-linkage in Pisum and Galeopsis justify the 
following questions. How many of the observed cases of linkage are 
linkage sensu stricto, and how many are cases of pseudo-linkage? And 
which are those criteria, by means of which true linkage may be 
distinguished from pseudo-linkage? The cases of false linkage are 
caused by haplontic sterility. Consequently, the occurrence of partial 
sterility in crosses, where linkage is observed, gives reason to suspect 
that the linkage is only apparent and due to differential viability of 
the gones. Therefore, when studying linkages and linkage values it is 
absolutely necessary to investigate the viability of the haplophase, if 
one wants to decide, whether the linkage is real or only apparent. 

In Pisum and Galeopsis it is easy to establish the occurrence of 
partial pollen sterility, in other cases this is more difficult. In some 
cases, for instance, the pollen may be morphologically perfect but 
nevertheless comprise different classes of gametes with different via- 
bility. Such is evidently the case in Matthiola. WADDINGTON (1929) 
has shown that in double-throwing singles, the pollen has a lower 
germination power than in no-double-throwing singles. In combination 
with other experimental facts, these results suggest that there is a 
factor in the double race, which is lethal to all pollen containing it. 
This would explain the non-functioning of pollen carrying singleness. 
PHILP and HusKINS (1931) have made a cytological analysis of the 
Matthiola problems and among other things they have arrived at the 
following conclusions. The difference singleness—doubleness involves 
one chromosome pair, having trabants. In double-throwing singles, 
one of the chromosomes lacks the trabant. Gametes containing this 
deficient chromésome are lethal in the pollen, partially lethal in the 
ovules. There are also indications of embryosac competition (»Renner- 
effect»), which may lead to complete female fertility though in reality 
certain classes of gametes are eliminated. This is very interesting with 
regard to the cases of pseudo-linkage. Not only may the pollen be 
apparently normal, but also seed production quite good, and never- 
theless selective elimination take place both in pollen and ovules. This 
leads to the extreme conclusion that observed cases of apparent linkage 
have not been shown to be true linkages until embryosac development 
and pollen germination have been controlled. 

Besides the cases already mentioned in Galeopsis, Pisum and 
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Matthiola, intraspecific sterility has been shown to affect the segrega- 
lion ratios in maize. BRINK (1929) states that certain linkage groups 
were affected by semisterility, and according to BURNHAM (1930) ab- 
normal »shrunken» and »waxy>» ratios furnish evidence that the sh—wx 
chromosome is one of those involved in »semisterile 2». 

Though intraspecific sterility and self-sterility are quite different 
phenomena, it may be mentioned in this connection that self-sterility 
may also be the cause of disturbed segregation ratios. In Nicotiana 
BRIEGER and MANGELSDORF (1926, 1927) found deviating segregation 
results which were shown to be caused by linkage between flower colour 
factors and self-sterility factors. Finally, the many cases of disturbed 
segregation ratios, caused by pollen tube competition, may be re- 
membered of (see JONES 1928). In fact, intraspecific sterility, pollen 
tube competition, and self-sterility represent different expressions of 
the viability of the haplophase and the interaction between haplo- and 
diplophase. Each of these phenomena upsets one of the presumptions 
of normal Mendelian segregation, viz. equal quantities and equal via- 
bility of the different types of gametes at the time of fertilization. 
Therefore, in all three cases the result may be disturbed segregation 
ratios. 

As already mentioned, cases of intraspecific sterility are often 
correlated with cytological complications, viz. formation of multivalent 
rings or chains at the reduction division. These irregularities present 
strong evidence in favour of the hypothesis that translocation or seg- 
mental interchange are the ultimate causes of intraspecific sterility, at 
least in those cases where the cytological complications occur. In maize, 
for example, it has been definitely shown (MCCLINTOCK 1930, COOPER 
and BRINK 1931) that certain cases of semisterility are associated with 
reciprocal translocations between chromosomes which may be morpho- 
logically identified. 

However, the correlation between sterility and the formation of 
multiple chromosome associations is not absolute (cf. MUNTZING 1930, 
pp. 234—235; HAKANSSON 1931, pp. 42—51). Especially interesting are 
such cases where fertility is correlated with special chromosome con- 
figurations (Datura, BLAKESLEE 1929). Probably, in these cases random 
chromosome distribution does not take place, the formation of lethal 
gamete combinations being prevented by a special type of chromosome 
arrangement and chromosome distribution. 

To a certain degree such cases seem to elucidate the origin of chro- 
mosome chains in Oenothera, where in some forms regular zig-zag 
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arrangement leads to the formation of only two kinds of gametes, both 
of which are vital. 

In Galeopsis, fertile as well as sterile types show regular pairing 
and no ring formation. This does not prove that translocations or 
segmental interchange have not taken place. Ring formation may be 
prevented e. g. by small size of the chromosome fragments exchanged 
or by low frequency of chiasma formation. 

Originally another explanation of the cases of intraspecific sterility 
in Galeopsis was given (MUNTZING 1929, pp. 313—314; 1930, pp. 276— 
277) and this hypothesis is still open. — On account of spontaneous 
species crosses between G. Tetrahit and bifida, each Tetrahit- and bifida- 
line may contain single chromosomes or genes derived from the other 
species. This may lead to the formation of lethal recombination gametes 
in crosses within the species. 

In other cases such as in Zea and Pisum, intraspecific sterility is 
evidently not caused by species hybridization, but results from sponta- 
neous or induced exchanges between non-homologous chromosomes. 
An intermediate situation seems to prevail in certain Viola crosses. 
According to CLAUSEN (1931) the F,-plants of the cross V. tricolor X 
Orphanidis do not show much multivalent association but in later 
generations this phenomenon is more frequent. Therefore, as suggested 
by CLAUSEN, the conditions in hybrids may favour segmental inter- 
change between non-homologous chromosomes. If such is the case also 
in other genera, the intraspecific sterility in Galeopsis may be caused 
both by species hybridization and segmental interchange. 


SUMMARY. 


1. Correlation between segregation of flower colour and partial 
sterility was found in a cross between pure lines of Galeopsis Tetrahit. 
The present paper gives the F;- and F,-results and additional data from 
another cross. 

2. Fertile, heterozygous, redflowered plants give monohybrid 
segregation. Partially sterile plants of the same category give a majo- 
rity of recessive, a minority of dominant descendants. This is due to 
elimination of all male and part of the female gametes carrying the red 
factor. 

3. In all main respects fertility variation in different types of 
progenies is in accordance with expectation. Sterility is caused by 
lethal factors, linked to the flower colour factors. 
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4. The amount of crossover between the red factor and the lethal 
factor, linked to it, was estimated 5—10 per cent. 

5. Gene combinations, which are lethal in the pollen, function to 
some degree in the ovules. In partially sterile red F.-plants, about 70 
per cent of the female gametes are »vital», about 30 per cent »sub- 
lethal». 

6. In F; and F, correlation was found between flower colour type 
and speed of somatic development. The redflowered plants were slower 
than the recessive T—C-plants. This is probably not due to the flower 
colour factors as such, but to the fact that the redflowered plants are 
generally sterile, the recessive plants fertile. On basis of the transloca- 
tion hypothesis the sterile plants in question represent cases of de- 
ficiency or duplication. This may influence the diplophase as well as 
the haplophase, and result in slower growth of the partially sterile 
plants. 

7. Observations on embryo formation in fertile and partially sterile 
plants showed that in the sterile plants embryos are developed in more 
than half of the embryosacs, which is in agreement with the genetical 
results. 

8. Cytological investigations showed that chromosome pairing is 
quite regular in fertile as well as in sterile plants. Multivalent forma- 
tion does not occur. 

9. Another cross within G. Tetrahit was analysed to F; and showed 
the same type of correlation between segregation of flower colour and 
sterility. 

10. Differential gametic viability may lead, not only to disturbed 
segregation ratios, but also to pseudo-linkage. When studying linkages 
and linkage values, it is absolutely necessary to investigate the viability 
of the haplophase in order to decide, whether the linkage is real or only 
apparent. In extreme cases studies of embryosac development and 
pollen germination are the only means to settle the question. 
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CYTO-GENETIC INVESTIGATIONS ON SYN- 
THETIC GALEOPSIS TETRAHIT 


BY ARNE MUNTZING 
SVALOF, SWEDEN 





INTRODUCTION. 


i i general occurrence of polyploidy among the higher plants has, 
especially during the last decade, led to investigations of the causes 
and origin of multiple chromosome numbers. These rather central 
problems have been attacked in several ways, among which the expe- 
rimental production of polyploids is of chief interest. By various 
methods it has been possible, either to cause the doubling of the same, 
or the summation of different genomes. The polyploid types thus 
obtained are — especially in cases of allo-polyploidy — in many respects 
comparable to new species. Hence it has been concluded that polyploid 
species found in nature have originated in similar ways. 

In later years an ever increasing number of cases of allo-poly- 
ploidy have been described and discussed. Also in the genus Galeopsis, 
investigated by the present writer, the formation of allo-polyploids has 
been studied (MUNTZING 1930a and b). To give a short recapitulation 
this case was as follows. Crosses between the species G. pubescens and 
speciosa, both having the haploid chromosome number 8, gave highly 
sterile F,-hybrids. However, an F,-generation was raised, comprising 
about 200 individuals. One F,-plant was found to be triploid and almost 
completely sterile. After pollination with pollen from one of the parents, 
pubescens, the triploid plant produced one single seed. This seed gave 
a tetraploid plant with good fertility. 

This case of chromosome increase after species crossing is especially 
interesting as it elucidates the origin of the »natural» tetraploid species 
G. Tetrahit L. As previously described in detail (1930 a, pp. 291—93; 
1930 b, pp. 154—158) both the triploid F,.-plant and its tetraploid 
daughter were morphologically undistinguishable from pure Tetrahit. 
Further, the artificial tetraploid behaved like a true Tetrahit not only 
morphologically but also in genetical and — as far as could be observed 
— also in cytological respects (see 1930b, p. 158). Therefore, the 
triploid F,-plant was called »pseudo-Tetrahit» and its tetraploid descen- 
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dant »AT>. (artificial Tetrahit). On account of these and other facts 
(see 1930 a, p. 294) the conclusion was drawn that not only the artificial 
tetraploid but probably also natural G. Tetrahit represents a synthesis 
of pubescens- and speciosa-genomes. Consequently, this case might 
be regarded as the first instance where a species already existing in 
nature has been synthesised from the genomes of two other species. 

The primary tetraploid, the AT-plant, was used both for selfing 
and for crosses with natural Tetrahit- and bifida-lines. The progeny 
obtained from selfing of the AT-plant may be called the /,-generation 
of artificial Tetrahit, or better, in order to emphasize the mode of origin, 
the /,-generation of synthetic Tetrahit. 


THE I,-GENERATION. 


Methods. — From the AT-plant seeds were harvested, partly from 
free flowering, partly from controlled selfing (double bags). Though 
the plant was grown in a pot a good distance apart from the other 
Galeopsis-cultures only seeds from the bags were used for raising the 
I1,-generation in spring 1931. 

On account of the similarity of synthetic and natural Tetrahit- 
plants special precautions had to be undertaken in order to avoid inter- 
mixtures. The seeds were as usual (cf. 1930a, p. 190) brought to 
germination in bags of moist blotting paper. The seedlings were then 
pricked out in boxes with sterilised soil. After about ten days the 
young plants were planted separately in small pots in order to get root 
tips for cytological purposes. When planted in the pots the plants were 
all marked with a piece of wool, which remained when later on the 
plants had been transplanted into the field. Here each plant was 
labelled separately, and the growing generation was watched daily. 
Therefore, all plants belonging to the /,-generation were with absolute 
certainty descendants from selffertilization of the AT-plant. 

The /,-generation was raised from 276 seeds. These gave 190 
seedlings of normal appearance. By overheating in a hot-bed about 60 
seedlings were killed, by another accident 29 young plants were lost. 
Most of the remaining 101 plants were grown in the experimental 
garden. Here 7 plants died from attacks of some fungus disease which 
this year ravaged in the Galeopsis-cultures. The remaining 94 plants 
reached maturity and were investigated with the following results. 
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I. MORPHOLOGY OF THE I,-GENERATION. 
1. HEIGHT AND HABITUS. 


The height of the plants varied from 30 to 140 cm. (table 1). Two 
plants were clearly aberrant in habitus. In comparison with the other 
plants they were dwarfs, the height being 30—40 cm. One of them 
was well-proportioned, the other had peculiar leaves with big coarse 
leaf-dents. Most cf the plants, however, were quite normal in appearance 
and on an average rather vigorous. One plant reached a height of 
137 cm. and the average value of J, was 95,9 + 2,01 cm. The average 
height of the original parent strains of pubescens and speciosa was this 
year 84,65 ++ 1,11 and 78,75 -+-2,62 cm. The differences between J, and 
speciosa and pubescens are 11,25 -b 2,34 (D/m, = 4,81) and 17,15 + 2,47 
(D/m ,, = 6,91) resp. Thus, the tetraploid synthetic forms seem to be 
more vigorous than the diploid parents. Also the triploid pseudo- 
Tetrahit-plant and the primary tetraploid, AT, were well developed and 
reached a height of 98 and 114 cm. resp. 

However, as in some details the treatment of the seedlings may 
have favoured the development of the /,-generation more than that of 
the parent strains, 7, results will be awaited before quite sure con- 
clusions can be drawn concerning the vigour of the synthetic types. 

Besides height variation differences in the general appearance of 
the plants were caused by variable types of ramification. One plant 
had strikingly long main branches and few lateral ones. But such 
deviations from the ordinary type may be found also within G. Tetra- 
hit L., and except the two aberrant dwarf plants the /,-individuals were 
really in habitus very like different types of natural Tetrahit. 


2. FLOWER TYPE AND FLOWER SIZE. 


All the 94 /,-plants were redflowered like the mother plant, AT, 
and the grandmother plant, pseudo-Tetrahit. However, variation in the 
nuance of red was obvious, 10 plants being light red or light yellowish 
red, the other plants being more dark and pure red. It may be re- 
membered that of the original parents, the pubescens-biotype used for 
the cross is redflowered, the speciosa-biotype, as always, yellow. The 
triploid pseudo-Tetrahit was light yellowish-red, the mother plant, AT, 
was more purely red but still with a tinge of yellow. 

Concerning the type of network, which is an important species 
character in the subgenus Tetrahit (cf. 1930 a, p. 237) the J,-plants 
could be classified in four, not sharply separated categories: 1) The net 
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TABLE 1. Height variation. 





| 
| 
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Height in cm. 
30—35—40—45 —50—55 —60 —65—70—75 — 80 —85—90—95—100— 105—110 —115—120—125—130—135— 140 


M+ m 





| pubescens 

| speciosa 

Synthetic Tetrahit, I,... | 
AT X Tetrahit | 
| » X bifida 

| Six Tetrahit-lines, total 
'Four bifida- » » 


as © 


46 | 84,65 + 1,14 
20 | 78,75 + 2,62 
87 | 95,90 + 2,04 
46 106,75 + 1,98 
| 9 110,30 

|111 86,80 + 145 
73 | 78,85 + 1,59 








TABLE 2. Flower length. 





Flower length in mm. 
13—14—15—16—17—18—19—20—21—22—23-—24—25— 26 —27—28— 29— 30—31 


M+m 





| 

| speciosa, 1931—151 

| pubescens, » 

| Tetrahit (9 pure lines) 
bifida (5 pure lines) ... 
Synthetic Tetrahit, J,... 
| Tetrahit < AT (total)... 
bifida xX » » 





2 8 5 
1 7 13 «10 


9 
2 





27| 27,41 + 0,24 
33 | 29,88 + 0,18 

170| 19,34 -+ 0,12 

103) 15,48 + 0,11 
93| 19,23 + 0,21 
60} 20,60 + 0,21 
20! 18,85 + 0,29 | 
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of the same type as in »typical» Tetrahit-lines. 2) The net as in the 
mother plant, AT, not quite distinct, though nevertheless of Tetrahit- 
type. 3) Net more or less diffuse or running towards the edge of the 
lap. 4) Clearly aberrant types, where the network is different from 
that found in pure Tetrahit-lines. The number of plants belonging to 
the categories 1—4 were 19, 44, 12 and 19 resp. That is to say, in 
respect of the network 44 plants were of the mother type, 19 indivi- 
duals were if possible still more typical Tetrahit, 12 were slightly aber- 
rant, and 19 had network of a type not found in natural Tetrahit-lines. 

As to flower size the following results were obtained (table 2). 
(Each individual value is the average of three flowers measured). The 
flower length in J, varied from 15 to 24 mm. and was on an average 
19,23 ++ 0,21 mm. The mother plant, AT, had a mean flower length of 
19,36 mm. (see 1930 b, p. 154). Thus, though there was a considerable 
variation, the descendants had on an average the same flower length 
(and flower size) as the mother plant. They had also the same flower 
length as natural Tetrahit. For comparison flowers from 170 indivi- 
duals, belonging to 9 different pure lines of this species, were measured. 
This gave the average value 19,31-+ 0,2 mm. The original parents, 
pubescens and speciosa, were big-flowered as always, the average values 
being 29,38 + 0,18 and 27,41 ++ 0,21 resp. (cf. also 1930 a, table 31, p. 282). 

Figs. 1—48 illustrate better than descriptions the flower type and 
flower size in the natural species speciosa, pubescens and Tetrahit and 
in the J,-generation of synthetic Tetrahit. 

Figs. 1—3 represent three speciosa-biotypes (from Roumania, 
Poland and Sweden resp.). They are rather big-flowered, the middle 
lap of the lower lip is diffusely violet and the network, when visible, 
almost or quite reaching the margin of the lap. Figs. 5—8 represent 
four different pubescens-biotypes. Figs. 5 and 6 are redflowered, 7 and 
8 white-yellow. Fig. 8 shows the network to be of the Tetrahit-type. 
The biotype represented by fig. 5 has also a network of similar type, 
not reaching the margin of the lap. This biotype is the one used for 
the production of the synthetic Tetrahit-forms. It was crossed with the 
Swedish speciosa-biotype seen in fig. 3. The diploid F,-generation is 
represented by fig. 4. 

The flower type of natural Tetrahit is shown by figs. 9—16 (eight 
different pure lines). Those lines are all relatively small-flowered and 
if the network is marked (which is not always the case; cf. fig. 14) it 
never reaches the margin but is more or less restricted to an area at 
the basis of the lap. Otherwise in this species there is considerable 





Figs. 1—3. G. speciosa. Three biotypes from Roumania, Poland and Sweden resp.; 

fig. 4. G. pubescens X speciosa, F;. (The parents are represented by figs. 3 and 5.) 

— Figs. 5—8. Four different biotypes of G. pubescens; figs. 9—16, eight different 

biotypes of G. Tetrahit (T—B, T—D, T—E, T—F, T—G, T—I, T—L and T—M resp.). 
— Magnification: 2,5 X. 
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variation in flower coiour as well as in other details of the flower (cf. 
1930 a, pp. 192—202). 

Figs. 17—32 show flowers from /,-plants of synthetic Tetrahit, 
which belong to the categories 1 and 2 (cf. above p. 107). The close 


Figs. 17—32. Synthetic G. Tetrahit. Flowers from 16 different /:-individuals. Note 
the similarity to figs. 9—16 (natural Tetrahit). — Magnification: 2,5 X. 


resemblance to the natural Tetrahit-flowers in figs. 9—16 is evident 
and striking, especially in comparison with the original parent biotypes 
of pubescens and speciosa (figs. 5 and 3). There is no morphological 
criterium by means of which the flowers of these I,-plants may be 
distinguished {rom those of natural Tetrahit. 

Figs. 33—48 represent flowers from another collection of /,-plants. 
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Most of these belong to categories 3 and 4, that is, they are more or less 
deviating from typical Tetrahit and some of them are clearly aberrani 
(e. g. figs. 44—48). 





Figs. 33—48. Synthetic G. Tetrahit (continued). Flowers from 16 other /;-plants, 
which are less typical or aberrant. — Magnification: 2,5 X. 


3. CALYX LENGTH. 


The calyx length at time of flowering was measured in J, and in 
the parental biotypes of pubescens and speciosa (table 3). G. speciosa 
has a big calyx in contrast to pubescens, the average values being 
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18,90 -t 0,26 and 12,0-+ 0,13 resp. Like the diploid F,, pubescens 


speciosa, the synthetic Tetrahit-types are intermediate (M = 15,79 +-0,18). 
Though at present no data are available, it may be stated that on an 








Figs. 49—64. Corolla and calyx in side view. Fig. 49. G. speciosa, fig. 50, pubescens 
X speciosa, F1; fig. 51, pubescens; fig. 52, another pubescens-biotype. — Figs. 49—51 
correspond to figs. 3—5, fig. 52 to fig. 8. — Figs. 53—56, four biotypes of natural 
Tetrahit (T—B, T—D, T—L and T—M); figs. 57—64, synthetic Tetrahit, eight /:-plants. 
Fig. 64 is an aberrant trisomic /,-plant also represented by fig. 48. — Magnification: 
1,5 X. 
8 
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TABLE 3. Calyx length. 





Calyx length in mm. pet 





in| M+m 
11—12—13—14—15—16—17-—18—19—20 | | 
speciosa, 1931—151 ...... | —- — — — — — 4 3 5 9 lon 18,90 + 0,26 
pubescens, » —154...... |}3 4 5 - — — — — —~|22/12,09 + 0,13, 
| pubescens X speciosa, F,;— — 3 4 — — — ~ — — | 7|13,s7 
|Synthetic Vetrahit,],...;— 2 2 11 31 16 15 13 1 #1 (92 15,79 + 0,16 


average the calyx dimensions of natural Tetrahit are also intermediate 
between the extremes represented by speciosa and pubescens. 

Figs. 49—64 give an idea about the calyx dimensions (cf. also 
1930 b, fig. 6) and the relative length of calyx and corolla. Fig. 49 
shows the big calyx and corolla of speciosa, fig. 51 represents the 
pubescens-biotype used for the crosses, fig. 52 is another pubescens- 
biotype, fig. 51 is pubescens X speciosa, F,. In the pubescens-biotypes 
the corolla is generally more than twice as long as the calyx. In 
G. Tetrahit the calyx is relatively bigger, though a considerable varia- 
tion occurs. Figs. 53—56 show four different Tetrahit-lines of which 
nos. 54 and 56 represent two different extremes in respect of calyx size. 
Finally, figs. 57-63 show seven individuals of the /,-generation, chosen 
at random. It is evident that these /,-plants also in respect of calyx 
dimensions and the relative length of calyx and corolla are of the same 
type as natural Tetrahit biotypes. Fig. 64 is an aberrant, rather 
pubescens-like I,-plant (the same as in fig. 48). This plant proved to 
be trisomic, having 33 instead of 32 chromosomes (see below, p. 127). 





4. LEAF SHAPE. 

In the representatives of the subgenus Tetrahit leaf shape is very 
variable. There afte, however, some characteristic differences between 
pubescens and speciosa (cf. 1930b, p. 157). In G. Tetrahit the leaves 
are more or less intermediate, though in some lines (perhaps the majo- 
rity) they are more like those of speciosa, in other lines more like those 
of pubescens. The pseudo-Tetrahit and AT-plants had leaves which 
might be regarded as being of Tetrahit-type. In the /,-generation leaf 
shape was variable, sometimes remembering the speciosa-parent, some- 
times pubescens. But on an average the leaves showed the intermediate 
conditions found in pure Tetrahit. Measurements were made but they 
are incomplete on account of Aphis-attacks which destroyed the normal 
leaf shape in many of the plants. Therefore, further data from J, and 











Fig. 65. Fig. 66. 








Fig. 67. 


Figs. 65—67. Internodes of G. speciosa and pubescens. Fig. 65, four different speciosa- 
biotypes; fig. 66 b, pubescens X speciosa, F1; fig. 66a and c, the parental biotypes 
(a: speciosa, c: pubescens); fig. 67, five other pubescens-biotypes. — Natural size. 
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later generations must be collected before definite conclusions may be 


drawn. 
Fig. 68. 











Fig. 68. Internodes of synthetic Tetrahit (ten different /;-plants). — Fig. 69. Inter- 
nodes of ten different pure lines of natural Tetrahit. — Natural size. 
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5, TYPE AND DEGREE OF HAIRINESS. 


The type of hairiness of the four species pubescens, speciosa, Tetra- 
hit and bijida has been described previously (1930 a, pp. 237, 282 and 
295; 1930b, p. 157). In short, speciosa is characterized by plenty of 
bristle hairs which in typical cases are absent in pubescens. That species 


TABLE 4. Degree of bristle hairiness. 








0 (0-1 1 eg 2 |2—3! 3 Total | 
| | | 
| Synthetic Tetrahit, 1,| == | St op |) aie | 55 2 — | 92 individuals | 
| Tetrahit-biotypes ee —|—j| 5| 4{| 5j| 1 | — [15 biotypes | 
\bifida- - » wef — | —|—}|—; 5] 4}/—]9 » | 
speciosa-  » —j|;—|]—|—]| 4 >; +18 » 
pubescens- » _...... 1; 8 | 1; —j| 1 2;/—)|8 » 


has instead soft hairs in greater quantity than in speciosa. Figs. 65 and 
66 a show internodes of five different speciosa-biotypes, figs. 66 .c and 
67 the same from six pubescens- 
biotypes. Fig. 66 b represents the 
primary diploid F,-hybrid from 
the cross pubescens (66 c) X spe- 
ciosa (66a). Obviously F, is in- 
termediate. In fig. 68 internodes 
from ten individuals of synthetic 
Tetrahit, I,, show a mixture of soft 
and bristle hairs, which is in agree- 
ment with the mode of origin of 
these plants. For comparison fig. 
69 shows internodes of ten diffe- 
rent lines of natural Tetrahit. If 
there is any difference between 
figs. 68 and 69 this should be that 
the synthetic forms are more in- 
tensively hairy than natural Tetra- 
hit, especially in regard to the soft 
hairs. It was also noted that in 
several of the /,-plants flowers and 
calices were more hairy than is perhaps the rule in natural Tetrahit. 
However, this possible difference is by no means certain, since there 
was a considerable variation in degree of hairiness among the /,-plants, 





Fig. 70. Internodes of five different pure 
lines of G. bifida. — Natural size. 
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and as in this respect natural Tetrahit-lines are also rather different. The 
degree of bristle hairiness was estimated, using figure denominations 
from 0 (total absence) to 3 (see table 4). Besides the difference between 
speciosa and pubescens these estimations show or indicate that in re- 
spect of bristle hairiness bifida is more similar to speciosa than is 
Tetrahit (cf. fig. 70 which shows internodes from five bifida-lines). 
Further, both synthetic and natural Tetrahit are intermediate between 
pubescens and speciosa. 


Summarizing the review of morhpological characters of the /,- 
generation, we may say that these plants were vigorous and in habitus 
like natural Tetrahit-plants. They were also small-flowered and had 
calyx dimensions, leaf shape and type of hairiness as in this species. 
Concerning the network on the middle lap, two thirds of the plants 
fulfilled all claims of typical Tetrahit-pattern, one third, however, was 
more or less deviating. : 

In all morphological respects the /,-generation was variable and 
certainly this variation was too great to be caused solely by environ- 
mental conditions. On the contrary, there must have been a con- 
siderable genotypical diversity among the plants. 


II, FERTILITY OF THE I,-GENERATION. 


The pollen fertility of 97 1,-plants was investigated (table 5, upper- 
most). The percentage of good pollen was determined in the usual way 
(cf. MUNTZING 1929, pp. 297 and 299—300). However, in the present 
case the work was complicated by somatic disturbances. Ten plants 
were found to have deficient anthers and rather bad pollen. A few 
plants showed no external anther abnormalities but the pollen in these 
plants had a tendency to stick together in lumps. The great majority 
of plants, however, did not show any obvious disturbances of pollen 
development from the side of the mother plant. 

In partially sterile plants the sterility may be either haplontic, that 
is, caused solely by lethal genotypical constitutions of the haplophase, 
the gones, or diplontic, caused by the mother plant (MUNTZING 1930 a, 
pp. 314 





322). Clear cases of haplontic sterility in Galeopsis have been 
analysed (MUNTZING 1929, 1930a, 1932) but also cases of diplontic 
sterility have been met with, e. g. in segregation products of the cross 
Tetrahit X bifida. In cases of purely haplontic sterility the anthers 
are quite normally developed, the difference between »good» and »bad» 
pollen is sharp, and the percentage of good pollen in a given plant is 
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relatively constant. In cases where the pollen is bad, due, in part or 
exclusively, to unfavourable maternal influences, the anthers are often 
not normally developed, the pollen has a tendency to stick together in 
lumps, the difference between good and bad pollen is fluent and, finally, 
the percentage of good pollen is quite variable from time to time and in 
different flowers. 

In the present case it is obvious that such somatic disturbances 
play a rdle and tend to decrease the percentage of good pollen. This 
may be the case also among some plants belonging to the majority of 
the 1I,-plants, which do not show any visible signs of bad maternal 
influences. However, in this category the average pollen fertility was 
as high as 68,35 +- 1,53 % (table 5) and 39 plants out of 82 had from 
70 to 95 per cent good pollen. The mother plant, AT, had the average 
pollen percentage 69 (1930 b, p. 158). Consequently, almost half of the 
daughter plants show an increase of pollen fertility. Especially in- 
teresting is the segregation, already in this generation, of a plant with 
90—95 % good pollen, thus showing the same high degree of fertility 
as homozygous plants in pure lines of natural Tetrahit. This plant 
(200—32) also happened to belong to the »first category» in respect of 
flower colour pattern and is represented by fig. 24. 

For comparison the percentage of good pollen was this year also 
investigated in the original parent strains of pubescens and speciosa. 
The result was in part surprising. The pubescens-biotype had an 
average of 85,35 % good pollen (table 5, lowest). The 29 speciosa-plants 
examined could be divided in two groups, one fertile, comprising 13 
plants and the other group clearly sterile, comprising 16 plants. The 
slight sterility among the pubescens-plants is probably modificatory, as 
this pure line is morphologically quite constant and on several previous 
occasions has shown full fertility (cf. 1930a, p. 281). Concerning 
speciosa the situation is different. This species, at least the strain used 
for the original cross pubescens X speciosa, is normally cross-fertilizing 
but is not selfsterile (cf. 1930.a, p. 189). On account of bad seed pro- 
duction in the isolation bags this strain has from time to time been 
propagated from seeds of openpollinated flowers and is_ therefore 
probably not quite homozygous. This may in part explain the sterility 
observed. By repeated observations on the degree of pollen fertility 
it was controlled -that genotypical causes and not environment were 
responsible for the production of bad pollen. Moreover, bad pollen in 
the same strain was observed already in 1929 in a minority of the plants 
examined (cf. 1930a, p. 281). 
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On an average seed production was found to be good in the /,- 
generation. Some plants yielded abundant quantities of seed, others 
less. Plants with deficient anthers were observed to give few seeds in 
the bags but plenty of seeds on openpollinated branches. Consequently, 
there is reason to assume that also in the present case sterility was less 
pronounced on the female side than on the male. 


HYBRIDS BETWEEN SYNTHETIC TETRAHIT AND NATU- 
RAL TETRAHIT AND BIFIDA. 


I. MORPHOLOGY OF THE F,-HYBRIDS. 


As previously reported (1930b) the primary synthetic tetraploid, 
the AT-plant, could be crossed without difficulty with natural Tetrahit 
and bifida, which are also tetraploid, but not with the diploid parents, 
pubescens and speciosa. 

Crosses with Tetrahit gave in all 95 seeds (1930b, table 1) from 
which 61 hybrids were obtained. For crosses with bifida the corre- 
sponding figures were 55 and. 20. To these plants, which by morpho- 
logical qualities and fertility conditions proved to be true hybrids, may 
be added one Tetrahit- and six bifida-plants which were of purely 
maternal type, and therefore most probably the result of unintentional 
selfpollination. Some plants died from various external influences, but 
no plants gave the impression of being genotypically weak or unviable. 
On the contrary, the hybrids obtained were on an average very vigorous 
(table 1). The average height of the hybrids with Tetrahit was 
106,75 -- 1,988 cm. The average height of six Tetrahit-lines (used for the 
crosses) was 86,30 ++ 1,15, and of four bifida-lines 78,85 +- 1,59 cm. The 
vigour of the hybrids with bifida was especially striking in such pro- 
genies where true hybrids were growing side by side with maternal 
plants from unsuccessful pollinations. 

The flower length was also measured (table 2). The hybrids 
between Tetrahii and AT had the average 20,60 4- 0,21 mm. which is a 
little more than the corresponding values of synthetic Tetrahit, 1,, 
(19,23 ++ 0,21) and of natural Tetrahit (19,31 ++:0,12). The hybrids between 
AT and bifida had the average flower length 18,85 4- 0,29 mm. and pure 
bifida 15,43 +. 0,11 mm. This seems to show that the hybrid vigour is 
noticeable also in respect of flower length. 

Concerning the type of network and habitus of the flower, the F,- 
hybrids with Tetrahit had in practically all cases typical Tetrahit- 
flowers, those with bifida were of the same type as in hybrids between 
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natural Tetrahit and bifida. However, slight variation was observed, 
obviously due to the fact that different kinds of gametes were produced 
by the AT-plant. But this variation was not so great as in the /,- 
‘generation, and clearly aberrant flower colour types were not produced. 

In the F,-hybrids between AT and the Tetrahit-lines T—A and 
T—B the flower colour was dominant white, due to the presence of the 
inhibiting factor H, carried by those Tetrahit-lines (cf. 1930.a, p. 202). 
It is interesting to see that this factor is epistatic to the red factors of 
synthetic Tetrahit (derived from pubescens) just as to the red factors 
of natural Tetrahit. — In all other F,-generations the flower colour was 
red, as the Tetrahit- and bifida-lines used were either redflowered or 
recessive to the redfactors from AT. 

In regard of leaf shape, hairiness and other vegetative characters 
the hybrids with Tetrahit were undistinguishable from pure Tetrahit. 
the hybrids with bifida were of the same type as hybrids between 
natural Tetrahit and bifida. The F,-generations were not quite uni- 
form, but compared with the /,-generation the variability was evidently 
diminished, due to homozygosity of the pure lines of natural Tetrahit 
and bifida. 


II, FERTILITY OF THE F,-HYBRIDS. 
1. FERTILITY IN CROSSES BETWEEN AT AND TETRAHIT. 


The fertility conditions of the F,-hybrids between synthetic and 
natural Tetrahit are of prime importance for judging the genotypical 
similarity of these types. In all F,-hybrids obtained the percentage of 
good pollen was determined (table 5). The result was that all plants 
proved to be at least partially fertile, and a few plants had more than 90 
per cent good pollen, thus showing complete fertility. Further it is evident 
that different lines of natural Tetrahit give different degrees of F,-ste- 
rility. To take the extremes, the cross T—A X AT and reciprocally 
gave 14 F,-plants with the average fertility 81,80 per cent; in the cross 
T—I X AT 10 F,-individuals had on an average 47,50 per cent good 
pollen. 

It is interesting that the nine different cross-combinations may be 
divided in two groups, one rather fertile with an average fertility ranging 
from 70,0 to 81,80 %, the other group being more sterile, with the 
averages ranging from 47,50 to 52,50 %. The former group comprises five 
cross-combinations, involving the pure lines T—A, T—B, T—D, T—E 
and T—M, the second group comprises four combinations, involving 
the lines T—C, T—F, T—I and T—N. 
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As previously reported on several occasions (1929, 1930a, 1932) 
intraspecific sterility occurs in certain cross-combinations within G. 
Tetrahit. With certainty this sterility is due to the formation of lethal 
recombination gametes. Now, it may be surmised that the low fertility 
in the second group is in part due to some special factors in the Tetrahit- 
lines involved. ‘This hypothesis is much supported by the following 
observations. The five pure lines mentioned above, which were involved 
in the relatively fertile cross-combination group, have been crossed 
inter se in seven different directions (MUNTZING 1929, p. 309; 1930 a, 
pp. 229 and 231, and unpublished results). All the F,-hybrids thus 
obtained (T—A X T—B, T—A X T—D, T—A X T—E, T—B X T—D, 
T—B X T—E, T—D XK T—E and T—D X T—M) have been quite fer- 
tile. These lines have also been crossed with representatives of the 
second cross-combination group, and out of 10 combinations 7 proved 
to give partially sterile F,-generations (T—A X T—C, T—A & T—F, 
T—B X T—C, T—B X T—F, T—D XK T—C, T—E X T—I and T—M 
x T—C) whereas 3 combinations were fertile (T—D * T—F, T—E 
T—C and T—E X T—F). Finally, two crosses within the second 
cross-combination group have been made, one giving a fertile F, (T—C 
< T—F), the other partial sterility (T—C * T—I). 

The important fact is not, that some of the crosses between AT 
and Tetrahit-lines give better fertility than others. This is natural, and 
is to be expected from the frequent occurrence of intraspecific sterility 
in natural Tetrahit. But the occurrence in some F,-generations of quite 
fertile plants with 90—100 % good pollen shows that the genomes of 
synthetic Tetrahit may combine with those of natural Tetrahit without 
disturbances and withoul the formation of lethal recombination-gametes. 
If in later generations the synthetic Tetrahit-types will be differentiated 
and stabilized, it is to be expected that some of the lines thus obtained 
will give fertile F,-generations with natural Tetrahit, others partially 
sterile F,-generations. 

It may be mentioned that the fertile F,-individuals obtained in the 
cross T—A X AT and reciprocally are with absolute certainty true 
hybrids. T—A has the inhibiting factor H and therefore the F,-plants 
are dominant white. Two plants of the cross AT (Q) <X T—A (c’) were 
dominant white and had 90—95 % good pollen. But from morpho- 
logical details it was certain that also the reciprocal cross had given 
true hybrids. And in practically all other F,-plants there were the same 
possibilities to demonstrate that the cross had been successful. 

Concerning fertility in the F,-hybrids under discussion, it may be 
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further remarked that no signs of anther deficiency were observed. 
Seed production seemed to be good and was in some plants quite as 
good as in pure lines of natural Tetrahit. 


2. FERTILITY IN CROSSES BETWEEN AT AND BIFIDA. 


The pollen fertility in five different F,-combinations between AT 
and bifida was examined (table 5). All the plants proved to be partially 
sterile and more sterile than in the crosses between AT and Tetrahit. 
The average values range from 32,50 to 47,50 %. Crosses between Tetrahit 
and bifida always give partially sterile hybrids, the degree of sterility 
depending on the lines used and on environmental conditions (cf. 
MUNTZING 1930 a, p. 241). Evidently, the AT-plant behaved like a true 
Tetrahit in the crosses with bifida. The seed production in these F,- 
hybrids was also observed to be rather bad. 


Ill AN F-,GENERATION FROM THE CROSS AT x T—A. 


One seed from the cross AT X T—A was brought to germination 
in the autumn of 1930, and the seedling obtained was grown under 
electric light. A tiny plant was obtained which nevertheless flowered 
and set some seed. The plant was dominant white like the sister plants 
grown in the following summer and had on an average 65 per cent 
good pollen. Fortynine seeds were harvested, from which a small F,- 
generation, consisting of 38 plants, was grown in the following summer. 
Though fragmentary, some of the results are of interest and may be 
briefly discussed. 

Concerning flower colour 30 plants were dominant white (or 
yellowish white), 4 plants were redflowered, and 2 individuals had an 
aberrant type of flower colour (the buds slightly redbrown, the upper 
lip yellow, the Side laps with a spot, the network running towards 
the edge). 

Segregation in flower size was evident, and the variation in this 
respect and also in regard of height and other quantitative characters 
seemed to be greater than is generally the case in intraspecific Tetrahit- 
crosses. The pollen fertility was also investigated (table 5). Three of 
the plants had in part defective anthers containing rather bad pollen, 
the pollen percentage being 8, 38 and 48 resp. These plants were also 
markedly small-flowered. Probably this coincidence is causal and the 
phenomenon analogous to the occurrence of small-flowered, »female» 
plants in other Galeopsis-crosses (1930 a, p. 306). The seed production 
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indicated that these three plants had good female fertility. ‘The pollen 
fertility of the F.-plants, including the three plants with defective an- 
thers, varied continuously within the limits 5—95 per cent, which is a 
type of variation seldom found in intraspecific Tetrahit-crosses (cf. 
however 1932, p. 91). 

If any conclusions are to be drawn from the present preliminary 
material, they should be the following. Segregation is more profound 
than in most line crosses within G. Tetrahit but not so transgressive as 
in the Tetrahit X bifida-crosses (cf. 1930a, pp. 258—270). Segrega- 
tion products appear which are »unbalanced», having defective anthers 
and small flowers. The variation of pollen fertility is not of the kind 
generally found in partially sterile Tetrahit-crosses. This may be due 
either to somatic influences or to recombination of many but small 
factorial differences which influence the viability of the haplophase. 
This will be further investigated. Other F,-plants may give different 
results in the following generations. 


CYTOLOGICAL INVESTIGATIONS. 
I. SOMATIC CHROMOSOMES. 


Root tips from all plants belonging to the /,-generation and from 
some of the hybrids between AT and Tetrahit and bifida were fixed. 
The fixatives used were KARPECHENKO’s modification of NAWASCHIN’S 
solution, which gave good results, and La Cour’s fixative 2 BE (LA Cour 
1931) which for this material proved to be quite useless. The sections 
were cut about 16 w and stained with gentian violet. 

Up to this date the chromosome numbers of 33 /,-plants have been 
determined with the following results. Twentyfour plants had 2n = 32 
like the mother plant, AT, 4 plants had -+ 32 chromosomes, and 5 indi- 
viduals had 2n = 33. Thus, the majority of the plants have the normal 
chromosome number 32, a few plants have got an extra chromosome. 
Somatic plates from two of the trisomic plants are represented by 
figs. 71 and 72. In fig. 72 some of the chromosomes are rather short; 
thus it may be possible that in this plant the increase in chromosome 
number is due to fragmentation of one chromosome. However, in 
another trisomic plant the aberrant number was also controlled at the 
reduction division (cf. below, p. 127). Thus it is certain that true tri- 
somics were produced in the progeny of the primary tetraploid. It is 
interesting that, hitherto at least, no monosomic plants with 31 chro- 
mosomes have been found. 
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Figs. 71—72. Somatic chromosomes from two trisomic ]1-plants (2n = 33). — Figs. | 
73—75, meiosis in a trisomic /;-plant. Fig. 73, diakinesis (in two sections); fig. 74, 
heterotype metaphase (side view, 16; + 1), separately drawn); fig. 75, heterotype 
metaphase (14); + 5;). — Magnification: figs. 71—72, 2650 X, figs. 73—75, 3375 X. 
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In fig. 71 four or five satellites are visible. Satellites have been 
observed now and then and also in the diploid species (cf. 1930 b, 
fig. 11). On account of the smallness of the chromosomes they are often 
difficult to distinguish and their number in the diploid and tetraploid 
species has not yet been determined with certainty. It may be men- 
tioned, however, that satellites have been observed also in natural 
Tetrahit. One somatic plate from a plant belonging to the line T—C 
showed four chromosomes with satellites. 

In fig. 72 attachment constrictions are visible in some of the chro- 
mosomes. Some of them are evidently median, others subterminal. 
Better methods of fixation and staining may perhaps further elucidate 
the chromosome morphology in Galeopsis, though this material is 
certainly not favourable for such studies. 

Besides studies of the /,-generation, five F,-hybrids between AT 
and Tetrahit and one hybrid between AT and bifida were controlled 
and found to have 32 somatic chromosomes. Studies of the reduction 
division, however, showed that another F,-hybrid from the cross AT (Q) 
xX T—D (c¥) was trisomic (cf. below, p. 133). 





II. MEIOTIC DIVISIONS. 


Flower buds for studies of the reduction division in the pollen 
mother cells were fixed in various fixatives. The material now re- 
presented was fixed in CARNOY for some minutes and then brought into 
KARPECHENKO’s fluid (the same as used for the root tips). Sections 
were cut 16—18 uw and stained with gentian violet. 


1. MEIOSIS IN A TRISOMIC 1,-PLANT. 


The 1,-plant 1931-—200—18 was found to have 33 somatic chro- 
mosomes, which number was verified by studies of the reduction divi- 
sion. — Figs. 73 a and b represent the chromosomes at diakinesis (two 
sections). Though the chromosome configurations are in part obscure, 
there are probably no multivalents. Some clear bivalents are visible, 
which are either united end to end or ringshaped with two terminal 
chiasmata. Some of the chromatine bodies must be univalents, but 
bivalents and univalents can not be distinguished with certainty. 

Figs. 74—77 show four complete chromosome complements of the 
heterotype metaphase (side view, separately drawn). The typical case 
(fig. 74) is the occurrence of 16,, + 1,, the univalent lying more or less 
apart from the other chromosomes. In some cases more than one uni- 
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Figs. 76—81. Meiosis in a trisomic /;-plant (continued). — Fig. 76, heterotype meta- 
phase (14;;-+ 2; +- 11); fig. 77, heterotype metaphase (15; -+ 1); fig. 78, heterotype 
metaphase, polar view in two sections (161 + 11); fig. 79, two bivalents, showing 
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valent was observed. Fig. 75 shows 14,, + 5,. More rarely trivalents 
are formed as in fig. 76 where the chromosome complement consists of 
14,, +2, +1,,. Fig. 77 shows 15,,-+ 1,,. In the former case the tri- 
valent has the shape of a V with a rod at each arm, in the second case 
it is a triple chain. The number of univalents was determined in 18 
cases. The numbers found were: 0 (3 cases), 1 (12 cases), 2 (1 case) and 
5 (2 cases). Probably then, the configuration represented in fig. 74 
with 16,, + 1, is the most frequent. It is to be noted that quadrivalents 
were not observed in this plant, neither in side view nor in polar view 
(fig. 78). Fig. 78 shows 16, + 1, in two sections. 

At the heterotype metaphase the bivalents are generally associated 
by one terminal chiasma, seldom by two (as in fig. 75, no. 6 from the 
left and fig. 76, no. 6 from the right; cf. also MUNTZING 1932, fig. 2, 
p. 96). The chromatid structure was sometimes clearly visible (fig. 79). 

At the heterotype anaphase 16 chromosomes pass to one pole, 17 to the 
other (figs. 80 and 82). This distribution was very regular, and lagging 
chromosomes were seldom observed. The univalents pass undivided to 
the poles. Only in one case (fig. 79), a univalent lying in the equa- 
torial plane at early anaphase showed a tendency to split. Of 32 P. M. C. 
in interphase 27 were normal in appearance, 5 showed micronuclei. At 
the homotype metaphase, chromosomes were observed to be eliminated 
in 8 cases, whereas conditions were normal in 39 cases. The chromo- 
some number could be counted in seven homotype metaphase plates, 
showing 4 plates with 16 and 8 plates with 17 chromosomes (cf. fig. 81). 


2. MEIOSIS IN NORMAL I,-PLANTS. 


Some slides were also obtained from /,-plants with the normal 
chromosome number 32. Figs. 83—87 show meiotic divisions in the 
plant 1931—200—29, fig. 88 is from another /,-plant (1931—200—26). 

One heterotype metaphase in side view showed quite regularly 16,, 
(fig. 83). In another metaphase in polar view (fig. 84) there seems to 
be 14,, + 1,y. The quadrivalent, however, may be suspected to consist of 
two bivalents lying close together but without exchange of chromatids. 

Fig. 87 shows a starting heterotype anaphase. In all there are 32 
chromosomes, but it is uncertain, how these will be distributed. In this 
plant micronuclei at interphase were not unusual (fig. 85). In all 138 





chromatid structure and terminal chiasmata, and one univalent with tendency to 
split; fig. 80, heterotype anaphase (polar view, in one section), showing the distri- 
bution 16—17; fig. 81, homotype metaphase in one P. M. C. (polar view), showing the 
distribution 16—17. — Magnification: 3375 X. 
Hereditas XVI. 9 
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Fig. 82. The trisomic /;-plant; heterotype anaphase, side view, showing the distribu- 
tion 16—17. — Figs. 83—86. Meiosis.in the normal /;-plant 200—29. Fig. 83, 
heterotype metaphase, side view, (16):); fig. 84, heterotype metaphase, polar view, 
(144, + 1;y or 161); fig. 85 interphase with one micronucleus; fig. 86, homotype meta- 
phase (16+ 16 from one P. M. C.). — Magnification: Fig. 85, 2250 X, the other 
figures, 3375 X. 
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Fig. 87. Heterotype meta-anaphase from the /;-plant 200—29, (side view, in all 32 
chromosomes). — Fig. 88, heterotype anaphase from another 1/:-plant, 200—26, 
showing the distribution 15—17. — Figs. 89—91. Meiosis in a trisomic hybrid between 
natural and synthetic Tetrahit; heterotype metaphase in side view (separately drawn). 
— Fig. 89, 15,,+ 1m; fig. 90, 151+ 11(no. 3 from the right); fig. 91, 13 + 71. — 





Magnification: 3375 X. 
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Figs. 92—94. Meiosis in a trisomic F;-plant (continued). Fig. 92, heterotype meta- 
phase, polar view; fig. 93, heterotype anaphase (polar view, in one section), showing 
the distribution 15—18; fig. 94, the same, but the distribution is 16—17. — Fig. 95, 
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P. M. C. from two slides were examined. Of these 20 cells, that is about 
14 per cent, showed micronuclei. At the homotype metaphase obviously 
eliminated chromosomes were also observed. Fig. 86, however, re- 
presents a homotype metaphase with the normal distribution 16 + 16. 

In fig. 88 a heterotype anaphase from the plant 1931—200—26 
is represented. The distribution is here evidently 15—17 instead of 
16—16. — In this plant chromosome elimination must have been rare. 
Out of 100 P. M. C. in interphase only 2 had micronuclei. 


3. MEIOSIS IN HYBRIDS BETWEEN NATURAL AND SYNTHETIC 
TETRAHIT. 

Some good preparations were obtained from a trisomic plant 
(2n = 33) of the cross AT (Q) X T—D (c’). In all essentials the chro- 
mosome behaviour was as in the trisomic /,-plant. Thus, the chromo- 
somes of synthetic Tetrahit find homologues among the chromosomes of 
natural Tetrahit. Figs. 89 and 90 show heterotype metaphases with 
15,, + 1,,- Sometimes a varying number of univalents was observed. 
Fig. 91 represents an extreme case with 13,, ++ 7,. There was no indica- 
tion of larger associations than trivalents. In fig. 92, heterotype meta- 
phase in polar view, 16 separate bodies are visible, of which 12 are 
evidently bivalents. One of the remaining bodies is probably a trivalent. 
In another case, not figured, the chromosome complement consisted of 
15,, + 3,. Two heterotype anaphases were observed (figs. 93 and 94), 
where the chromosome distribution was 15—18 and 16—17 respectively. 
Of 53 P. M. C. in interphase 41 were normal in appearance, 12 showed 
eliminated chromosomes or micronuclei. 

One hybrid between AT and the Tetrahit-line T—M had probably 
the normal chromosome number 32 and a rather regular reduction 
division, according to absence of eliminated chromosomes. In the homo- 
type anaphase the distribution 16—16 was observed (fig. 95). 

In previous publications (MUNTZING 1927; 1930a, pp. 289—290; 
1930 b, pp. 158—160) I have shown that chromosome number and size 
of nuclei, pollen mother cells and pollen grains are correlated in 
Galeopsis. Obviously the synthetic Tetrahit-plants have also bigger 
pollen mother cells than the original parents. For comparison with the 
other chromosome pictures, a pollen mother cell from one of the parents, 
pubescens, is represented by fig. 96. The eight chromosomes are visible 





homotype anaphase from another F;-plant between natural and synthetic Tetrahit 
(polar view in one section, showing 16 + 16 chromosomes). — Fig. 96, G. pubescens 
(the parental biotype). Homotype anaphase (n = 8). — Magnification: 3375 X. 
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in all of the four homotype anaphase plates, and the size of the cell 
is smaller than in the tetraploid types. 


MORPHOLOGY AND FERTILITY OF THE TRISOMIC 
PLANTS. 


Among the /,-plants five trisomic individuals were found (cf. 
p. 125). As to morphology, two of these plants were aberrant. One of 
them was a dwarf plant with abnormal leaves but normal flowers of 
Tetrahit-type (fig. 40). The other one, 1931—200—18, was vigorous 
and vegetatively well-proportioned but remembered more of pubescens 
than the other /,-plants. Further it was conspicuously big-flowered 
(figs. 48 and 64), and had aberrant flower shape and network. The 
other three plants with an extra chromosome were morphologically 
typical Tetrahit-plants. One of those latter had somewhat defective 
anthers, containing 36 per cent good pollen. The other four plants had 
a pollen percentage ranging from 59 to 69. 

Evidently, the occurrence of /,-plants with an extra chromosome 
has to some degree increased the morphological variation and decreased 
the average fertility. 

The trisomic hybrid, obtained in the cross between AT and the 
Tetrahit-line T—D (cf. p. 133) died before flowering and was not mor- 
phologically examined. 


DISCUSSION. 
I. 


From reasons given in detail in previous papers (MUNTZING 1930 a, 
p. 295; 1930 b, pp. 160—163) the genotypical constitution of the AT- 


s : 
plant must have been ?*, where p symbolizes the pubescens-genome, s 
. pr 


the speciosa-genome, and r a recombination-genome, containing genes 
from both of the parental species. At the reduction division of AT it is 
probable that the two pubescens-genomes have formed eight bivalents and 
the speciosa- and recombinations-genome also eight bivalents. In the latter 
case the pairing may have been partly loose, as in the F,-hybrids, pubes- 
cens X speciosa, besides regular conjugation a varying number of univa- 
lents may be formed (1930 a, pp. 285—287). However, in the AT-plant 
the divisions in the P. M. C. seemed to be quite regular (1930 b, p. 159). It 
was therefore assumed that the partial pollen sterility observed in this 
plant was due to heterozygosity (s—r) and scarcely to chromosome ir- 
regularities. This conclusion has been criticized by KtHARA (1931 a) who 
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believes (p. 153) that the genome interpreted by me as recombination- 
genome »ausschliesslich (oder fast ausschliesslich) aus den Gliedern des 
S-Genoms besteht». If this were correct the sterility would be due to 
chromosome irregularities, not to heterozygosity. However, from several 
reasons it is probable that the r-genome is really a recombinationgenome. 

In F, of the cross pubescens X speciosa a multitude of different 
diploid plants were obtained (1930 a, pp. 282—285). Obviously then, 
recombination-gametes must be frequent and functional, and the tri- 
ploid F,-plant, pseudo-Tetrahit, is therefore most probably the result 
of a union between one unreduced gamete carrying the complete 
pubescens- and speciosa-genomes and one _ recombination-genome. 


Secondly, if the constitution of the AT-plant had been it ought to 


have been morphologically very similar to the diploid hybrid . That 


was not the case (1930a, pp. 291—293). Thirdly, the morphological 
diversity of the /,-generation is, no doubt, the expression of a corre- 
sponding genotypical diversity. Consequently, the mother plant must 
either have been heterozygous or have formed viable gametes of many 
different kinds due to frequent irregularities of the reduction division. 
It is true that in the progeny some trisomic plants with one extra chro- 
mosome were obtained. This shows that the meiotic divisions in the 
primary tetraploid have not been quite regular at least in the ovules. 
This fact may in part explain the partial sterility observed. But 
nevertheless it is probable that the multitude of different /,-forms with 
normal chromosome number are chiefly the result of recombination, 
not of chromosome irregularities. The J,-results in combination with 
the other facts may therefore be considered a verification of the previous 
deductions concerning the genotypical constitution of the synthetic 
Tetrahit-types. This view is also supported by the fact that all /,-plants 
were redflowered as demanded by the theory. If chromosome distribu- 
tion is regular, each gamete must contain one pubescens-chromosome, 
carrying the redfactor, since the AT-plant was assumed to have two 
p-genomes, forming eight bivalents at the reduction division. Possibly 
the r-genome also contains a redfactor, since the nuance and intensity 
of red was variable in /,. 


Considering the experimental formation of allo-polyploids in gene- 
ral, these types with an increased chromosome number have been pro- 
duced or observed to arise in several different ways. 
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In a few cases the doubling of the chromosomes has taken place 
‘during the somatic development, either spontaneously as in Primula 
Kewensis (see NEWTON and PELLEW 1929) and Nicotiana digluta 
(CLAUSEN and GOODSPEED 1925, R. E. CLAUSEN 1928) or by special 
methods, as in Solanum nigrum X luteum (J@RGENSEN 1928) and certain 
moss hybrids (WETTSTEIN 1924). In the majority of cases, however, 
the chromosome increase is due to the formation of unreduced gametes. 

1) Chiefly as the result of »restitution» (ROSENBERG 1917, 1927) or 
>regression» (KIHARA 1931), sometimes in other ways, F,-gametes with 
the somatic chromosome complement may be formed. The union of 
such gametes will give riso to »amphidiploids» (NAWASCHIN 1927) al- 
ready in F,. To this type the following cases belong: Raphano- 
Brassica (KARPECHENKO 1927, 1928, 1929), Aegilotricum (KI1HARA 1931 a, 
probably also the case first described by TSCHERMAK and BLEIER 1926 
and that of PERCIVAL 1930), Digitalis Mertonensis (BUXTON and NEWTON 
1928; BUXTON and DARLINGTON 1931), Nicotiana rustica X paniculata 
(SINGLETON 1928; LAMMERTS 1929, 1931), Saxifraga Potternensis 
(WHYTE 1930), Fragaria Helleri < bracteata (IcHIJIMA 1930), probably 
also the Phleum-case (GREGOR and SANSOME 1930). 

Viola hyperchromatica (CLAUSEN 1924, 1926), which shows a partial 
increase of chromosome number, arose from the cross V. tricolor X 
arvensis after splitting of some univalents in both meiotic divisions. 

It should be observed that unreduced gametes may be formed even 
in hybrids where chromosome conjugation is good. Non-conjunction 
due to lacking affinity is no necessary presumption for the origin of 
gametes with a somatic complement. £E. g. in the hybrid Nicotiana 
rustica X paniculata (LAMMERTS 1929, 1931) the chromosome pairing 
is good, but nevertheless about 30 per cent of the ovules are unreduced. 
Similar conditions are met with in the Sazifraga case (WHYTE 1930). 

2) In other, léss extreme cases, where reduced gametes are formed 
and function, such gametes may unite with unreduced ones, and give 
rise to allo-triploids. Such was the origin of the triploid pseudo-T etrahit- 
plant. Quite analogous cases have been found in the Salix-crosses of 
HERIBERT NILSSON. Several F,-plants of the cross S. caprea X viminalis 
had an increased chromosome number (HAKANSSON 1929a). One 
»gigantea»-plant was found to be triploid, another F,-plant, »neocinerea» 
(HERIBERT NILSSON 1931), was probably triploid or hypertriploid. In 
F, of the cross Nicotiana rustica X paniculata the majority of the plants 
were allo-tetraploid, but a few triploid plants were also obtained, since 
also a minority of reduced gametes are functional in F. 
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3) In some other cases, where F, has been back-crossed to the 
parents or other types, unreduced F,-gametes have caused an increase 
of chromosome number in the progeny. Such was the case in the cross 
Nicotiana tabacum X Rusbyi (BRIEGER 1928, 1930), where F, was back- 
crossed to tabacum and to silvestris. An analogous case was obtained by 
YARNELL (1931) in the cross Fragaria (vesca X Chiloensis)  Chiloensis. 

4) Finally, we have those cases where the chromosome increase is 
obtained already in F,, due to the formation of unreduced gametes by 
one of the parents, as e. g. in the crosses Rubus rusticanus inermis 
x R. thyrsiger (CRANE and DARLINGTON 1927), Euchlaena perennis 
X maize (EMERSON and BEADLE 1930) and Nicotiana tabacum X rustica 
(EGHIS and RyBIN, according to RENNER 1929). The latter case is 
especially interesting, as the triploid F,-plant, when back-crossed to 
rustica, gave an allo-tetraploid descendant with probably two rustica- 
and two tabacum-genomes. This plant was fertile and showed 48 bi- 
valents at the reduction division. — This case is somewhat similar to 
the Galeopsis-results. However, the triploid Galeopsis-plant appeared in 
F,, not in F,, further it contained a recombination-genome, which caused 
the primary tetraploid to be heterozygous. And in next generation this 
heterozygous plant gave rise to a swarm of different types. 


II. 


The chromosome behaviour at the reduction division of an allo- 
polyploid is to a certain extent correlated with the mode of chromosome 
pairing in the diploid original hybrid. If there is non-conjunction or 
weak affinity between the different genomes of the parent species, this 
is a guarantee that the meiotic divisions in the allo-polyploid will not 
be much disturbed by multivalent formation or interspecific pairing. 
Such typical conditions are found in Raphano-Brassica, Nicotiana digluta 
and Aegilotricum. But even in these cases the reduction division does 
not seem to be quite regular. Sometimes there are minor irregularities, 
lagging chromosomes, microcytes etc. In the Aegilotricum-case studied 
by KIHARA (1931 b) the primary hybrid shows 0—6 »lockere Bindungen>. 
In the allo-tetraploid there are generally 28 bivalents but sometimes 
slight disturbances, which may lead to the formation of gametes with 
deviating chromosome numbers. Crosses with Triticum spelta showed 
that Aegilotricum-gametes with 27 chromosomes instead of 28 are 
formed and function. 

Turning to the opposite extreme as represented. for instance by the 
cross Crepis rubra X foetida (POOLE 1931), the pairing in the diploid 
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F,-hybrid is good. In the amphidiploid derivative, obtained in F., 
quadrivalent formation is frequent and sometimes complete (five quadri- 
valents, corresponding to the five bivalents in F,). 

However, several cases are known where the chromosome conjuga- 
tion in the primary hybrid is good, and nevertheless meiosis in the allo- 
tetraploid in the main regular. Such is the case in the cross Solanum 
nigrum X luteum (JORGENSEN 1928), in the Saxifraga-case (WHYTE ' 
1930) and in Primula Kewensis (NEWTON and PELLEW 1929). In the 
latter case, however, one, seldom 2—3, quadrivalents are usually formed 
in addition to the bivalents. 

In Galeopsis the primary hybrid, pubescens X speciosa, was ob- 
served to form eight bivalents at the heterotype metaphase, but not 
seldom there was non-conjunction in some pairs leading to the forma- 
tion of a varying number of univalents. Thus, the affinity between the 
pubescens- and speciosa-genomes may be considered relatively good 
though evidently in part diminished. 

In the triploid F,-plant, containing one speciosa-, one pubescens- 
and one recombination-genome, trivalents were not rare (1930 a, pp. 287 
—289) which is in accordance with expectation. In the tetraploids 
(the J,-generation) regular pairing is evidently the rule. Sure quadri- 
valents were not observed, neither in plants with 32 chromosomes nor 
in the trisomic individual investigated (cf. above, pp. 127—133). On the 
contrary, partial non-conjunction may sometimes occur, leading to the 
production of some univalents. Absence of quadrivalents in Galeopsis 
and the other cases described above where pairing in the diploid hybrid 
was good, may be caused by two circumstances. 

. Firstly, it is probable that pairing between like chromosomes, 
derived from the same species, prevails. In Galeopsis, for instance, the 
affinity between the pubescens- and speciosa-genomes is somewhat weak. 


. 


Therefore intraspecific pairing (2) is more likely to occur than inter- 


$ ' 
specific (=), in cases where there is opportunity for both ways as in the 


allo-tetraploids. 

Secondly, absence of quadrivalent formation may be due to mecha- 
nical causes, viz. low frequency of chiasmata. It has been shown (cf. 
DARLINGTON 1931) that chromosome pairing in the strict sense is due, 
not to affinity between the chromosomes as entities, but to affinity 
between chromatids and the formation of chiasmata during the meiotic 


prophase. High frequency of chiasmata will favour the formation of 
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multivalents and vice versa. In Galeopsis the chromosomes at the hetero- 
type metaphase are generally united by one terminal chiasma, seldom 
by two. This low chiasma frequency may in part be responsible for 
the absence of quadrivalents and the regular occurrence of bivalents in 
the allo-tetraploid Galeopsis-plants. It also agrees with the occasional 
formation of trivalents in the triploid and trisomic plants examined. 
In the polyploid species Dahlia variabilis LAWRENCE (1931) has observed 
»secondary association» of chromosomes, which is supposed to be due 
to a general affinity between more than two chromosomes. This results 
in their juxtaposition at first metaphase. This phenomenon is distinct 
from true multivalent formation by means of chiasmata. LAWRENCE 
has the opinion that such secondary association should occur in all 
allo-polyploids. In the present Galeopsis-material the bivalents at first 
metaphase were sometimes lying close together. Further observations 
may decide whether this is only incidental or due to the same pheno- 
menon as in Dahlia. 


$s 
The primary allo-tetraploid, AT, had the constitution 7 Most 


I,-plants will be somewhat different from the mother plant, due to 
recombination between the s- and r-genomes. The univalent formation 
observed may either be the result of lacking affinity between speciosa- 
chromosomes and pubescens-chromosomes, derived from the r-genome, 
or the result of a simultaneous trivalent-formation. Non-conjunction 
may also be caused by somatic influences, the occurrence of which 
may he suspected especially in the trisomic plants. E. g. in tri- and 
monosomic forms of Nicotiana alata (GOODSPEED 1931) there is a 
strong tendency to non-conjunction. 

Multivalent formation at first metaphase may be the cause of sub- 
sequent irregularities. If the chromosomes are associated by means 
of terminal chiasmata, separation at anaphase will be easier than in 
cases of interstitial chiasmata (cf. LAWRENCE 1931). In both cases the 
distribution of chromosomes to the poles may be unequal, but in plants 
with terminal chiasmata, there is less risk of delayed separation and 
lagging chromosomes and hence less risk of chromosome elimination. 
— In Galeopsis, where the chiasmata are terminal, the divisions are also 
generally clean. Such was the case in the triploid (1930 a, p. 289) and 
also in the trisomic plants described above. However, in some plants 
micronuclei at interphase were not rare. This is evidently not caused 
by multivalent formation but on the contrary by non-conjunction and 
scattered univalents. 
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Ill. 


Fertility in allo-polyploids is very much influenced by the course 
of the meiotic divisions. The Crepis amphidiploid just mentioned had 
a high degree of multivalent formation and not more than 35 per cent 
of good pollen. In other cases with more regular reduction, fertility 
is also better and sometimes very good. But compared with the parent 
species fertility in allo-polyploids is generally not quite first-class at 
least in the first generations after their origin. In some cases, however, 
there seems to be a tendency to stabilization in later generations, as in 
Saxifraga (WHYTE 1930) and in the Nicotiana rustica X paniculata-case 
(LAMMERTS 1931). Allo-polyploid Aegilops-Triticum hybrids were first 
obtained by TSCHERMAK (TSCHERMAK and BLEIER 1926) and later by 
PERCIVAL (1930) and KraarA. Kiara (1931 )b) finds that his newly 
arisen Aegilotricum-forms are less fertile than the relatively old strains 
of TSCHERMAK. This may possibly be due to increasing fertility in later 
generations. (Interactions between chromosomes and plasma? ). 

In the Galeopsis-case we must assume that in the primary allo- 
tetraploid, part of the sterility was caused by heterozygosity. Contrary 
to most other cases this plant did not contain just two genomes of one 
sort and two genomes of another. Therefore in next generation (I,) a 
wide range of fertility variation was obtained (table 5, p. 119). 
Especially interesting is the fact that about 40 per cent of the /,-plants 
had better fertility than the mother. One plant had even more than 
90 per cent good pollen. Therefore, further segregation products with 
full fertility may be expected in future generations. 

Among the I,-plants sterility phenomena were also observed, ob- 
viously of diplontic character and caused by the mother plant, viz. 
deficient anthers and lumped pollen grains. Also in other allo-poly- 
ploids there are indications of diplontic sterility. In the amphidiploid 
Solanum nigrum™X luteum reduction division is normal, but only 35 
per cent of the pollen is good (JORGENSEN 1928). In the Raphano- 
Brassica case a small part of the tetraploids, notwithstanding regular 
meiosis and normal pollen, proved sterile or of reduced fertility. This 
was more frequent when a certain variety of Brassica oleracea was used 
for the cross (KARPECHENKO 1928). : 


i. 


It is typical for allo-polyploids that in contrast to the original F,- 
generation they are fertile and morphologically constant. As a rule, 
however, constancy as well as fertility is not absolute due to unstable 
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meiosis. In the progeny from Digitalis Mertonensis, */, of the plants are 
less fertile than the rest, in the progenies from Aegilotricum and Primula 
Kewensis a small proportion of the descendants have slightly aberrant 
chromosome numbers (tri- and monosomic types etc.). Morphological 
variation may also be caused by interspecific pairing, without changes 
in chromosome number (as in Primula Kewensis). Some degree of 
polymorphism may also be the result when allo-polyploids are obtained 
from several F,-plants with slightly different genotypical constitution, 
as is the case in Raphano-Brassica (KARPECHENKO 1928). 

In all these cases, however, the variation is rather limited, at least 
in the generations next after the origin. The Galeopsis-case is unique 
in the respect that the primary tetraploid in the next generation gave 
rise to a swarm of different types. The differences between these plants 
though relatively slight, affect all of the morphological characters ob- 
served (height, flower dimensions, flower colour, type of network, calyx 
size, leaf shape, hairiness etc.). An allo-polyploid population of this 
kind probably represents a more favourable material for natural selec- 
tion than those allo-polyploids which from the beginning are constant 
or relatively constant. 


V. 


A characteristic feature of auto-polyploids is their vegetative vigour, 
which is often striking enough to be called gigantism. This gigantism 
may be due to two different causes which are both a consequence of 
the chromosome doubling: 1) increase of cell volume, 2) doubling of 
the genes, influencing quantitative characters (cf. MUNTZING 1931 b). — 
As a rule allo-polyploids are also more vigorous than the parents, but 
the gigantism is on an average less pronounced than in cases of auto- 
polyploidy. Among 14 different cases of allo-polyploidy 12 cases were 
found to show gigas-characters in one or another respect (cf. MUNTZING 
1931 b, p. 9). In part this gigantism may result from maintenance of 
hybrid vigour, as a polyploid which is the result of doubling in a cross 
between dissimilar forms will be heterozygous in all respects in which 
its parents differed (DARLINGTON 1928, HusKINS 1931 a and b). The 
cause may also be more mechanical and due to increased cell volume. 

Correlation between gigantism and increase of chromosome number 
is interpreted in another way by HERIBERT NILSSON (1930a). In F;, 
of the cross Salix caprea X viminalis a triploid gigantea-plant was 
obtained. HERIBERT NILSSON says (I. c. p. 77): »Es ist wahrscheinlich 
in diesem Falle gerade die erwartete extreme Rekombination von Fak- 
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toren fiir Blattgrésse, die morphologisch riesengross ausfallen muss, 
welche auch gleichzeitig eine vermehrte Chromosomenzahl verursacht». 
However, this interpretation is opposed by the following facts. In 
Spirogyra GERASSIMOFF and VAN WISSELINGH (see VAN WISSELINGH 
1920) have obtained doubling of chromosome number by means of 
different external influences. Such altered Spirogyra-threads which also 
arise under natural conditions are typical gigas-types in comparison with 
the original forms. It is quite clear in this case that the chromosome 
doubling is induced by the experimental treatment and that the altera- 
tion of the morphological characters is a result of the chromosome 
doubling. This is equally clear in WETTSTEIN’s experiments on mosses 
(WETTSTEIN 1924). Regeneration of cells from the diploid moss capsule 
gives diploid protonemata and diploid gametophytes, which are gigas- 
types in comparison with the original haploid gametophytes. Most 
probably the same arguments may be applied also to cases in higher 
plants. E. g. in Epilobium hirsutum MICHAELIS (1928) succeeded in 
producing unreduced pollen grains after cold treatment. These un- 
reduced pollen-grains were picked out and used for pollination, which 
resulted in triploid »semigigas»-plants. Hence it is logical to assume, 
that also in other cases morphological gigantism is caused by chro- 
mosome doubling. Sure enough, special genetic factors or genetic com- 
binations may result in morphological gigas-characters, but it is difficult 
to understand how these combinations should also be able to induce a 
simultaneous increase of chromosome number. 

Concerning the morphology of the allo-polyploid Galeopsis-plants, 
the height variation has been discussed above (p. 107). On an average 
the I,-plants were probably more vigorous than the original parents. 
This gigantism, however, does not affect flower size. On the contrary, 
in this case the allo-tetraploids have much smaller flowers than the 
parents (table 2)? This calls for a special explanation. 

It was found (1930a, table 31, p. 282) that in F, of the cross 
pubescens X speciosa the average flower length (22,68 -- 0,27 mm.) was 
considerably smaller than that of the parents (29,31 ++ 0,20 and 27,08 +- 0,44 
mm. resp.). Small-flowered F.-plants were segregated, and the varia- 
tion was transgressive mainly to the minus side. — G. speciosa, at least 
the biotype used for the cross, is a cross-fertilizer, though seed may be 
obtained on artificial selfpollination. In G. pubescens seed production 
on isolation is relatively good and anyhow better than in speciosa. 
Probably however, also this species has a marked tendency to cross- 
fertilization (cf. 1930a, p. 189). In view of these facts it is possible 
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that the big flowers in speciosa and pubescens represent a genotypical 
adaptation to cross-pollination, and that therefore these species represent 
extreme combinations with regard to the genes which affect flower size. 
After crossing the result in F, will be a majority of less extreme com- 
binations which are relatively small-flowered (cf. 1930 a, table 31). The 
triploid F,-plant was also rather small-flowered (17,07 mm. [1930 a, 
p. 291]). The daughter plant, AT, which differed genotypically from 
the mother by having one more pubescens-genome, had somewhat larger 
flowers (19,86 mm. [1930b, p. 154]). In the following generation, /,, 
there was a good deal of variation (table 2, p. 108), but the average 
(19,23 ++ 0,21 mm.) was about the same as in the mother plant. 

The natural tetraploid species, Tetrahit and bifida, are small- 
flowered and autogamous (1930 a, p. 188) but after interspecific crossing 
big-flowered transgressions may be obtained (1930a, p. 267). There- 
fore, it seems very probable that the small flower size is an adaptation 
to autogamy. Then, the question rises: why are the diploid species 
cross-pollinating, the tetraploid ones autogamous? As is well-known, 
selfsterility seems to be generally controlled by systems of multiple 
allelomorphs which regulate the interactions between pollen tubes and 
styles. Pollen cannot function in the style of a plant carrying the same 
factors as the pollen itself. As pointed out by LAWRENCE (1930), self- 
sterility behaviour is different in diploids and polyploids, and to a 
certain extent the selfsterility mechanism may be disturbed by chromo- 
some doubling. For instance, in diploids, S.-pollen will not grow in 
S,S.-styles, but in a tetraploid, S,S;-pollen may perhaps be able to func- 
tion in S,S,S,S,-styles. The greater number of possible combinations in 
polyploids will on an average make such plants more selffertile than 
diploids. 

It is not certain if these arguments can be applied to the Galeopsis 
case, as selfsterility factors are not known in the diploid species pubes- 
cens and speciosa. But it is possible — and this will serve as a working 
hypothesis — that the cross-fertilization in these species is favoured by 
selfsterility factors with a rather weak effect (not preventing success 
of artificial selfpollination). In the tetraploids the selfsterility me- 
chanism may be still weaker and unable to prevent spontaneous 
autogamy, 

Experimentally produced polyploids are generally more vigorous 
than the diploid parents. The question is whether the same correlation 
between chromosome number and vigour is found among wild plants? 
Increase of chromatine mass leads to increased size of nuclei and cells. But 
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as the size of the vegetative organs depends on two variables, cell size and 
cell number, it is not certain that high chromosome numbers are always 
correlated with vegetative vigour. Whether the cell number is altered or 
not, may be approximately judged by countings of the number of pollen 
mother cells in sections of the anther lobes (JARETZKY 1928, p. 455 ff.). 
In certain plant groups, as for instance the family Polygonacee, there 
is a strong correlation between chromosome number and vegetative 
vigour. In Rumex the chromosome number may be approximately 
estimated according to the size of flowers and fruits (JARETZKY 1928). 
Among some Potentilla-species there also seems to be a certain propor- 
tionality between chromosome number and size of plants (MUNTZING 
1931a). The same correlation is found among viviparous forms of 
Festuca ovina (TURESSON 1931 a) and in Allium schoenoprasum 
(TURESSON 1931 b). A tetraploid form of Vicia cracca (SWESCHNIKOWA 
1928) has, compared to a diploid form, bigger nuclei and cells, broader 
leaves and a greater number of seeds in the pods. In Scirpus palustris 
HAKANSSON (1929 b) has observed biotypes with different chromosome 
numbers. One biotype with 19 chromosome had bigger nuclei and cells 
and bigger capsules than another biotype with 8 chromosomes. In a 
similar case in Callitriche stagnalis (JORGENSEN 1925) the biotype with 
the higher chromosome number had also somewhat bigger fruits. On 
comparing chromosome number and morphology of plants from Tim- 
buktu (Sahara), HAGERUP (1932) finds that the polyploid species or bio- 
types are often gigas-types. They also seem to have a greater »vitality» 
than the diploid relatives. 

In several other cases, however, there is no correlation between 
chromosome number and vegetative vigour. This may be due to the 
fact that gigantism caused by chromosome increase will be more easily 
preserved under culture conditions than in nature. It is conceivable 
that plants of a moderate stature may sometimes be ecologically superior 
to the giant forms. Therefore, cell number and total size may in nature 
be reduced by secondary processes, e. g. hybridization and subsequent 
selection. In such cases the influence of the higher chromosome number 
may be limited to an increase of cell size. 


VI. 


The primary allo-tetraploid Galeopsis plant was called »artificial 
Tetrahit», on account of its conformity in all essential respects with 
natural Tetrahit (cf. MUNTZING, 1930b). Now, since a daughter ge- 
neration from this plant and hybrids with natural Tetrahit have been 
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studied, new facts have been gathered. These facts may be used to 
decide whether the denominations artificial and synthetic Tetrahit are 
well-grounded or not. 

As was expected (1930 b, p. 163), the progeny from the AT-plant 
(1,) was not uniform but rather variable. In habitus, however, all the 
I,-plants were like natural Tetrahit, and also concerning all vegetative 
characters they were impossible to distinguish from this species. With 
regard to the network on the middle lap, about two thirds of the plants 
fulfilled all claims on typical Tetrahit-pattern, one third was more or 
less deviating. Some of those aberrant plants were trisomic, others had 
the normal chromosome number. 

About 40 per cent of the J,-plants had better pollen fertility than 
the mother plant. One /,-plant, which by no means could be morpho- 
logically distinguished from pure Tetrahit, had even more than 90 per 
cent good pollen. Thus, plants have been obtained which genotypically 
consist of only pubescens- and speciosa-genes but which look like pure 
Tetrahit, and at the same time are fully fertile. The high fertility, and 
the absence or rareness of multivalent formation at the reduction divi- 
sion, make it probable that in subsequent generations constant pure lines 
will be obtained. As the /,-plants showed slight morphological dif- 
ferences, the constancy should result not only in one biotype but in an 
assortment of different lines. The majority of these lines will be un- 
distinguishable from pure Tetrahit. The descendants from the aberrant 
I,-plants, however, should, if at all constant progenies may be raised 
from these plants, give rise to biotypes which morphologically must be 
regarded as novae species or perhaps as deviating varieties of G. Tetrahit. 

A characteristic feature of the primary tetraploid, AT, is that it 
could not be crossed to the original parents, but without difficulty to 
natural Tetrahit and bijida.. Neither of the latter species can form 
hybrids with pubescens and speciosa (cf. 1930b, p. 163 ff.). These 
crossing experiments were repeated with five /,-plants, chosen at ran- 
dom. These plants all behaved in exactly the same way as the mother 
plant. In crosses with Tetrahit and bifida normally developed hybrid 
seeds were obtained without difficulty in both directions. Crosses with 
pubescens and speciosa failed totally, though more than hundred 
flowers were used for pollination. Therefore, as to crossing possibilities, 
it is evident that the J,-plants, and in all probability also the future 
descendants from these plants, behave in exactly the same way as pure 
Tetrahit. 

The significance of this sterility barrier between the allo-tetraploids 
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and their original parents has been previously discussed (1930b). The 
same phenomenon is met with in several other cases of allo- and auto-poly- 
ploidy and probably also in many species crosses, when the types crossed 
have different chromosome number. I have suggested (1930 b, p. 168) 
that alterations of the normal ratio 2 : 3 : 2 of the chromosome numbers 
in embryo, endosperm and surrounding somatic tissues is the ultimate 
cause of embryo abortion or bad seed development, observed in such 
cases. Then the double fertilization and formation of triploid endo- 
sperm may be of considerable significance for the preservation of mul- 
tiple chromosome numbers among the Angiosperms. — These problems 
will be further discussed on another occasion. 

An experimentum crucis with regard to the true nature of the 
synthetic Tetrahit-plants is afforded by the production and study of 
hybrids between synthetic and pure Tetrahit. The study of these hy- 
brids has hitherto given the following main results: 

1) The F,-plants were normally developed and morphologically 
quite like natural Tetrahit. 

2) Some of the F,-hybrids were completely fertile, others partially 
sterile. In part, this sterility is of the same kind as the intraspecific 
sterility occurring in natural Tetrahit. 

3) The chromosome pairing in F, was good. One F,-plant with the 
normal chromosome number showed 16,, at the heterotype metaphase 
(fig. 83). One trisomic F,-plant showed either complete pairing (figs. 
89—90) or some univalents (fig. 91). 

These facts strongly indicate a close genotypic similarity between 
pure Tetrahit and the synthetic types. This similarity is further 
supported by the fact that both natural and synthetic Tetrahit give 
hybrids with bifida, which show a marked decrease in fertility (cf. 
1930 a, table 15, p. 241 and table 5 in the present paper). 

Thus, to judge from the results hitherto obtained, the majority of 
the synthetic forms differ essentially from natural Tetrahit only in one 
respect, viz. the constancy. But according to the arguments given above, 
it is most probably only a question of time that also in this respect 
similarity to pure Tetrahit will be reached. Consequently, the deno- 
mination synthetic Tetrahit may be regarded as justifiable. 

Further it may be stated that the present case essentially represents 
a clear verification of WINGE’s hypothesis (WINGE 1917) that multiple 
chromosome numbers among wild plant species may result from species 
hybridization and chromosome doubling. Certainly, a synthesis of an al- 
ready existing species from two other ones must a priori be very difficult, 
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since other evolutionary processes than chromosome doubling may alter 
diploids as well as polyploids (cf. WATKINS 1930). Neither do I believe 
that the natural Galeopsis Tetrahit L. has originated in exactly the same 
way as the synthetic forms. But on basis of my empirical results, I 
think it logical to state that natural Tetrahit in all essentials represents 
a synthesis of the genes which are now present in pubescens and 
speciosa. 

Also in a few other cases phylogenetical connections are more or 
less elucidated by the production of allo-polyploid types. 

From the cross Phleum pratense (2n) X P. alpinum (4n) GREGOR 
and SANSOME (1930) obtained triploid hybrids and after doubling of the 
chromosomes four hexaploid plants »of varying fertility» (GREGOR 
1931). Other races of P. pratense are hexaploid, and therefore the 
authors suggest that those hexaploids may be the result of natural 
hybridization of diploid pratense with some other plant, in a manner 
analogous to that described for the artificially produced hexaploid. 
The natural and artificial hexaploid have been successfully crossed, 
»giving 161 hybrid plants, many of which are both male- and female- 
fertile» (GREGOR 1931). 

In F, of the cross Salix caprea X viminalis (both diploid) HERIBERT 
NILSsON (1931) obtained a female plant which morphologically could 
not be distinguished from S. cinerea. This species is tetraploid. The 
chromosome number of the »neo-cinerea»-plant has not yet been de- 
termined with certainty, but is evidently higher than in the original 
parents and »mindestens triploid». From these results HERIBERT 
NILSSON concludes that natural Salix cinerea probably has originated 
from crosses between caprea and viminalis. This seems plausible and 
may be proved by future investigations. In such a case, however, 
the neo-cinerea plant must first be shown to give rise to morpho- 
logically similar descendants with the same chromosome number 
as cinerea and which are capable of independent sexual reproduction. 
The female neo-cinerea plant now produced seems to be a parallel to 
the triploid »pseudo-Tetrahit» plant obtained in F, of the cross Galeopsis 
pubescens X speciosa. 

From the same cross, Salix caprea X viminalis, HERIBERT NILSSON 
has obtained a hyper-tetraploid (HAKANSSON 1929 a) F.-plant which 
proved to be morphologically identical with the garden »species» Salix 
laurina (HERIBERT NILSSON 1928). Salix laurina, however, may only 
be propagated vegetatively, as it is female and seems to be sterile or 
almost sterile. 
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_ In the genus Nicotiana efforts have been made to elucidate the 
origin and genomatic constitution of some of the tetraploid species, 
especially N. tabacum. On basis of the chromosome pairing observed 
in various F,-hybrids and in analogy to the origin of N. digluta R. E. 
CLAUSEN concludes (1928) that »tabacum (24,,) may have arisen from 
hybridization of progenitors or close allies of sylvestris (12,,) and to- 
mentosa (12,,)». BRIEGER (1930) succeeded to obtain a plant, which 
contained 24 tabacum-, 12 silvestris- and 12 chromosomes from 
Nicotiana Rusbyi, a species closely related to tomentosa. This plant 
formed 24 bivalents, which shows that all Rusbyi- and silvestris-chro- 
mosomes had found homologues among the tabacum-chromosomes, 
since the chromosomes of the two first-mentioned species are not ho- 
mologous. Genetic analysis, however, has demonstrated that the two 
genomes of tabacum in several respects are different from the Rusbyi- 
and silvestris-genomes. 

According to Huskins (1931 a, 1931 b) Spartina Townsendii is an 
allo-polyploid species, which in certain localities must have arisen 
spontaneously from crosses between S. alterniflora and S. stricta. 
Spartina Townsendii is vigorous and fertile and has the somatic chro- 
mosome number 126, which is the sum of the parental chromosome 
numbers 70 and 56. 

An analogous case is represented by Aesculus carnea which is a 
garden plant, produced from crosses between A. Hippocastanum and 
A. Pavia. A. carnea is rather fertile and constant and has the sum of 
the chromosomes of Hippocastanum and Pavia (SKOVSTED 1929). On 
account of size differences the two parental sets of chromosomes could 
be identified in the allo-tetraploid hybrid. 

Finally, Rosa Wilsonii, investigated by BLACKBURN and HARRISON 
already in 1924, is most probably an allo-polyploid species, arisen from 
the cross pimpiriellifolia X tomentosa. The primary hybrid must 
have been triploid. Rosa Wilsonii is hexaploid, fertile and has a regular 
reduction division. 

Extensive genome-analytical investigations have been undertaken 
in the genera Triticum, Aegilops and Secale by numerous investigators 
(cf. WATKINS 1930, GATES 1931, KrHARA 1930). A special purpose of 
this analysis is to elucidate the constitution of the hexaploid vulgare- 
wheats. Evidently this work is very difficult on account of the great 
number of different cross-combinations possible, and hitherto quite 
definite conclusions have not been reached. However, one thing is clear. 
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The vulgare-wheats and other related polyploid forms are allo-poly- 
ploids, and species crossing is the cause of their origin. 

When discussing the »neo-cinerea» case HERIBERT NILSSON points 
to the fact that both Salix cinerea and Galeopsis Tetrahit are anthro- 
pochoreous for which reason »auch ihr Wert in der natirlichen Aus- 
lese fraglich wird» (1931, p. 318). Further, the author compares these 
polyploid anthropochoreous plants with polyploid mutants of orna- 
mental plants which may survive under culture conditions but not in 
nature. Therefore, polyploidy seems to be regarded as a phenomenon, 
characteristic of cultivated and anthropochoreous plants (cf. also 
HERIBERT NILSSON 1930, p. 141), and therefore of no evolutionary value. 

This view is untenable as polyploidy is also very common among 
plants which by no means may be suspected of being under the in- 
fluence of man, e. g. plants from alpine or arctic regions, desert plants 
(cf. HAGERUP 1932), etc. Therefore, if we do not assume that poly- 
ploidy among anthropochoreous plants is of an essentially different 
kind from polyploidy occurring among other plants, it may be con- 
sidered that cases of experimental species synthesis elucidate an im- 
portant part of the evolution in higher plants, even if the experimental 
plants happen to be anthropochoreous. 


SUMMARY. 


1) In Galeopsis allo-tetraploid plants have been produced from 
crosses and back-crosses, involving the diploid species pubescens and 
speciosa. The primary allo-tetraploid plant, AT, had the constitution 


s 
- (cf. p. 134). This plant was used for selfing and for crossing with 


G. Tetrahit and bifida. 

2) In all morphological respects the /,-generation was variable, 
which is in accordance with the genotypical constitution of the mother 
plant. Two thirds of the /,-plants could not by any morphological 
criteria be distinguished from G. Tetrahit. One third of the plants was 
more or less deviating with regard to details of flower shape and colour 
pattern. 

3) Pollen fertility in 7, was variable. Forty per cent of the plants 
had higher fertility than the mother individual, their percentage of good 
pollen ranging from 70 to 95. 

4) The F,-plants from crosses between AT and different Tetrahit-lines 
were normally developed and morphologically typical Tetrahit. Some 
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of the F,-hybrids were completely fertile, others partially sterile. In 
part, this sterility is of the same kind as the intraspecific sterility 
occurring in G. Tetrahit. Hybrids with G. bifida were vigorous and 
more sterile than the hybrids with Tetrahit. 

5) Most of the J,-plants investigated had the normal chromosome 
number (2n = 32), a few plants were trisomic (2n = 33). At the reduc- 
tion division chromosome pairing was good. Generally 16,, were formed 
but sometimes non-conjunction occurred. True quadrivalents were not 
observed. In a trisomic plant the extra chromosome was usually free 
but sometimes member of a trivalent. 

6) In hybrids between AT and Tetrahit, chromosome pairing was 
also good. One F,-plant with the normal chromosome number showed 
16,, at the heterotype metaphase. A trisomic F,-plant showed either 
complete pairing or some univalents. 

7) Comparisons with other cases of allo-polyploidy with regard to 
mode of origin, meiosis, fertility, constancy and morphology are made. 

8) The primary allo-tetraploid plant, AT, was called »artificial 
Tetrahit» on account of its conformity in all essential respects with 
natural Tetrahit. The new facts obtained confirm the previous con- 
clusions and demonstrate that natural Tetrahit essentially represents a 
synthesis of the genes present in the diploid species pubescens and 
speciosa. 

The majority of the synthetic Tetrahit-types differ essentially from 
natural Tetrahit only in one respect, viz. the constancy. Most probably 
it is only a question of time that also in this respect similarity to pure 
Tetrahit will be attained. 
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NEUE FALLE VON CHROMOSOMENVER- 
KETTUNG IN PISUM 


von ARTUR HAKANSSON 
LUND 





k S wurde friiher iiber das Vorkommen eines Amphibivalents als eine 
Kette oder einen Ring aus vier Chromosomen in der Metaphase der 
ersten Reifeteilung bei Pisum ausfiihrlich berichtet (HAKANSSON 1931). 
Zusammen sind drei Falle einer solchen Chromosomenverkettung be- 
kannt: in den Kreuzungen mit der K-Linie von HAMMARLUND, in F, 
Extra Rapid X Solodrt (HAKANSSON 1929, 1931) und in halbsterilen 
Pflanzen einer Linie aus Thibet, die PELLEW in Kultur hatte 
(RICHARDSON 1929). Uberall zeichneten sich die Pflanzen mit Ver- 
kettung durch eine ungefaihr 50 % Gonensterilitaét aus, in den Kreu- 
zungen mit der K-Linie waren ausserdem gewisse genetische Kompli- 
kationen vorhanden, namlich betreffs Genen, die offenbar in den Chro- 
mosomen, die das Amphibivalent bildeten, lokalisiert sind. Ich will 
hier in aller Kiirze tiber drei neue Fille von Chromosomenverkettung 
berichten, weil das zytologische Bild von dem friiher beschriebenen 
teilweise verschieden ist. 

Herr Ernst NILSSON, Eslév, der seit lange die Genetik der Erbse 
studierte, teilte mir mit, dass in seinen Kulturen mehrere Falle von 
Sterilitat vorhanden waren. Ejinige waren in Kreuzungen mit der Sorte 
Extra Rapid, diese habe ich nicht untersucht, es schien mir nimlich 
ziemlich sicher, dass Chromosomenringe gefunden werden sollten. 
Drei der Falle waren aber nicht durch Extra Rapid hervorgerufen, und 
iiber ihre Zytologie kann ich hier berichten. Sie werden im Folgenden 
N.1, N. I] und N. III bezeichnet; die drei Falle haben ganz verschiedene 
Abstammung. 

In den beiden frither untersuchten Sterilitatsfallen, also Kreu- 
zungen mit der K-Linie und mit Extra Rapid, war das Amphibivalent 
sehr Ahnlich: es war, wie es schien, immer in den Pollenmutterzellen 
vorhanden, hatte Ring- oder Kettenform, und sehr oft waren infolge 
Ausbildung s. g. interstitiellen Chiasmata (nach der Terminologie von 
DARLINGTON) zwei Querarme im Amphibivalent zu sehen. Eines der 
Chromosomen nahm in der Bildung beider Arme teil, die also benach- 
barte Fugstellen einnahmen. Mehr selten war ein kurzer dritter Arm 
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ausgebildet. Das Amphibivalent in N.I und N. II zeigte nun ein 4hn- 
liches Verhaltnis. In N.II war es als einfache Kette oder Ring aus- 
gebildet und kam in allen Pollenmutterzellen vor, eine kleine Ver- 
schiedenheit gab es jedoch: es konnte héchstens ein Querarm beobach- 
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Fig. 1. Amphibivalente von N.I. — Fig. 2. Amphibivalente von N.II. X 2000. 
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Fig. 3. Metakinese der ersten Reifeteilung von N. III. — Fig. 4. Amphibivalent (?) 
von N. III. — Fig. 5. Amphibivalente von N.III. X 2000. 


tet werden (Fig. 2). Das untersuchte Material ist leider nicht gross, 
in zwei Praparaten mit zahlreichen, sehr deutlichen Teilungen kamen 
aber nie zwei Arme im Amphibivalent vor. Die Chromosomen werden 
offenbar in der Anaphase in verschiedener Weise auf die Pole der Kern- 
spindel verteilt (Fig. 2). Die Chromosomenverteilung 6 + 8 geschieht 
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nicht selten. Die Teilungen in N. I waren schlechter fixiert, ein Amphi- 
bivalent konnte doch leicht beobachtet werden. Es schien von fhn- 
lichem Aussehen wie in N. II (Fig. 1) zu sein. 

Die Bildung der Amphibivalente in N.I und N.II sind offenbar 
durch die Annahme von Austausch zwischen Nicht-Homologen erklar- 
bar (Fig. 6), in Ahnlicher Weise wie es betreffs der Kreuzungen mit der 
K-Linie ausgefiihrt wurde (HAKANSSON 1931). Durch den Austausch 
wird auch die Sterilitat hervorgerufen. Das Vorkommen von nur einem 
Querarm ist nicht ohne Interesse, denn es ist ein Indizium dafiir, dass 
Ausbildung von interstitiellen Chiasmata lings gewisser Teile eines 
Chromosomen selten sein kann, lings anderer dagegen haufig (HAKANS- 
SON 1931, S. 54). An zwei Stellen im Amphibivalent kommen unver- 
anderte Chromosomenenden zusam- 


men, nur an einem scheint aber ein af) {} a 
Querarm sich ausbilden zu kénnen 7 } s 
(Fig. 6). 
Das Aussehen des Amphibivalents 
in N.III ist aber sehr verschieden. -) 
Wie in den K-Kreuzungen und in Y 
Extra Rapid X Soloirt waren sehr 
oft zwei Querarme ausgebildet, diese - e oe Soares 
; dung in N. II. — Fig. 7. Desgl. N. III. 
befanden sich aber ausnahmslos an 
gegeniiber einander liegenden Fugstellen (Fig. 5). Nie wurde ein dritter 
Querarm beobachtet, aber alle Chromosomen k6nnen_interstitiellen 
Chiasmata an dem einen Ende bilden. Ein geschlossener Ring kam 
bisweilen vor, aber viel seltener als in den anderen Sterilitatsfallen. 
Vielfalls war kein Amphibivalent in der Pollenmutterzelle, es war 
in zwei Bivalente zerfallen, von denen das eine meist (immer?) 
offen war. Hierdurch wurde den Eindruck erweckt, dass die Chromo- 
somenverkettung in N.III aus zwei mehr lose gebundenen Bivalenten 
bestand. Wir finden aber noch eine Eigentiimlichkeit, namlich dass 
nicht selten drei Chromosomenenden im Amphibivalent vereint sind 
(»triple chiasma», »Trivalentbindung» [Fig. 3]). Dies wurde in den 
anderen Fallen von Chromosomenverkettung nicht beobachtet. Dagegen 
konnte nicht mit Sicherheit entschieden werden, ob bisweilen vier Chro- 
mosomenenden vereint sind. Bildungen wie in Fig. 4 sah ich nimlich 
auch in Pollenmutterzellen, in denen ausserdem ein Amphibivalent war, 
sie miissten also hier als zufallig verklebten Bivalente gedeutet werden. 
Eine solche Deutung kann auch dann nicht ausgeschlossen werden, 
wenn sie die einzige Bivalentenvereinigung in der Zelle ist. Schliess- 
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lich ist zuzufiigen, dass Nichttrennen in der Anaphase selten ist. In 
60 Zellen war nur dreimal die Verteilung 6'/, + 7*/., im iibrigen 7 + 7. 

Die Chromosomenverkettung in N. III ist also in mehrfacher Hin- 
sicht von der in den anderen Sterilitatsfallen verschieden. Das Vor- 
kommen von Trivalentbindung macht es wahrscheinlich, dass sie nicht 
durch Austausch zwischen Nicht-Homologen zu erklaren ist. Offenbar 
sind wenigstens drei identische Chromosomenenden im Amphibivalent. 
Drei gleiche finden ihre einfachste Erklarung darin, dass eine Trans- 
lokation von einem Chromosomenende zu dem Ende eines Nicht-Homo- 
logen stattgefunden hat. Das fragmentierte Chromosom ware dann durch 
ein normales Homologon ersetzt. Ein geschlossener Ring k6énnte viel- 
leicht durch Crossing-over zwischen Chromatiden entstehen (siehe 
Fig. 7). Nun muss aber dieser Fall in verschiedener Hinsicht naher 
untersucht werden, ehe man sich dariiber A4ussern kann, ob eine solche 
Translokation die Sterilitat u. a. erklaren kann. 

Die erste in Zea Mays gefundene Semisterilitat wurde anfangs als 
Translokation erklart (BRINK und BURNHAM 1929), die Sterilitatsfalle 
wurden aber nach zytologischen Untersuchungen als Falle von Aus- 
tausch zwischen Nicht-Homologen erwiesen (BURNHAM 1930, MCCLINTOCK 
1930, COOPER und BRINK 1931). Doch erklarte BURNHAM, dass auch 
bei einfacher Translokation ein Chromosomenring nach Crossing-over 
in »four-strand»-Stadium vorkommen kénnte. Die in N. III beobach- 
teten Amphibivalente sind aber auch durch Reduplikation eines Chro- 
mosomenstiickes, so dass vier von den acht Chromosomenenden im Am- 
phibivalent gleich sind, erklarbar (Schema eines solches Falles, siehe 
DARLINGTON 1931, S. 231). 


Lund, Botanisches Institut. 
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HERIBERT NILSSON’S EVIDENCE AGAINST 
THE ARTIFICIAL PRODUCTION OF 
MUTATIONS 


BY H. J. MULLER 
THE UNIVERSITY OF TEXAS, AUSTIN 





le a recent article in Hereditas (1931), HERIBERT NILSSON argues that 
the appearance of mutations in increased frequency after treatment 
with high-energy radiation or high temperature is probably caused by 
a selective elimination of the normal type, which leaves more mutants 
to appear, rather than by an actual production of mutations. As 
evidence for this he presents data which show, firstly, that Drosophila 
melanogaster flies of a »yellow white» stock, when exposed to high 
temperature while larvae, survived much better than those of a wild- 
type stock which was treated similarly; secondly, that Oenothera 
lamarckiana seeds aged for several years had greatly reduced viability, 
but the few which did grow included a very high percentage of so- 
called »mutants>». 

It is interesting that larvae of the yellow white stock used should 
have shown themselves more heat-resistant than those of the morpho- 
logically wild-type stock, even though it must be clearly realized that 
no genetic evidence was presented to show that it was either the gene- 
difference for yellow versus gray body color or that for white versus 
red eyes, rather than some other, invisible gene-difference that 
happened to accompany them, which was responsible for the physio- 
logical effect noted. If a separate »physiological» gene-difference 
existed, a contingéncy which is not unlikely, it may just as well have 
been the morphologically wild-type stock which had the mutant alle- 
lomorph of this gene, as vice versa. In that case it would have been 
the mutant gene which was selectively eliminated. 

However that may be, it is well known that the great majority of 
mutant types have a lower viability than the normal, most of them, 
both in the X-ray experiments and in control material, being actually 
lethal, and that, in general, the more adverse the environmental con- 
ditions, including temperature, are, the lower the viability and pro- 
ductivity of the mutants tend to be, relatively to the normals. This is 
just the opposite of the effect required by HERIBERT NILSSON. While, 
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however, this rule is a general one, it will be evident that each kind 
of mutant must have its own specific set of reactions: that one mutant 
may be actually more resistant to high temperature, another to low 
temperature, another to drouth, etc., and that one may not legitimately 
argue from the case of one individual mutant stock to that of another, 
or from the reactions of a given mutant stock at one stage, or with one 
agent, to the reactions of the same stock at another stage, or with 
another agent; still less may one argue from the reactions of just one 
mutant stock at one stage, with one agent, to the reactions of mutants 
in general, at any stage, with detrimental agents in general! Yet the 
sum total of the experience in the Drosophila work has been ample to 
show that, in the great majority of cases, the viability of mutants 
decreases, relatively to that of normals, with increase in the adversity 
of environic conditions. Hence the nearest approaches to the ideal 
Mendelian ratios, crossover frequencies, etc., as observed in counts of 
the flies that survive to maturity, are usually obtained when culture 
conditions are optimal. 

It is indeed a far cry from the relative viabilities of yellow white 
_ versus morphologically wild-type larvae when exposed to heat, to the 
relative viabilities of all kinds of mutant (mainly lethal) versus normal 
spermatozoa when exposed to X-rays. It may be recalled that the 
mutational effect of X-rays on Drosophila is especially strong when the 
irradiation is applied to the spermatozoan stage, as shown in experi- 
ments of Harris. (1929), HANSON (1929b), and the present author 
(1930). And yet, as has been shown independently by Mour (1925) 
and by MULLER and SETTLES (1927), the genes are actually function- 
less in the spermatozoa (and also in the haploid stage of the egg). 
That is, it makes no difference what genes the spermatozoa or eggs 
themselves contain or lack, their viability and fertilizing capacity is 
the same regardless of their gametic gene content. The physiological 
properties of the spermatozoa. and eggs depend upon their pre-reduc- 
tional gene-composition, and upon that of the associated soma. Even 
if an important section of an autosome is absent or duplicated in the 
mature gametes, the latter nevertheless have normal viability. Neither 
X-rays nor other environic conditions, therefore, can exercise the power 
of selective elimination over the spermatozoa, discriminating between 
sperm that differ merely with regard to one individual gene. The 
X-rays certainly damage the sperm, but not selectively, except insofar 
as the possession of more chromatin might carry with it correspondingly 
greater possibility of damage. Yet on HERIBERT NILSSON’s view, nor- 
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mal spermatozoa must usually be killed by X-rays far more easily than 
are spermatozoa carrying genes that are lethal to the zygote! 

As evidence of the elimination required on his view, HERIBERT 
NILSSON calls attention to the high mortality known to occur among 
Drosophila eggs after X-raying (of the spermatozoa). He mentions 
the fact that the frequency of appearance of mutants may be raised 
as much as 150 times. This would, on his view, allow not more than 
about one normal in 150 to develop, i. e., the viability of the fertilized 
eggs would then be under 0,7 %. Yet the figures on viability of eggs 
and larvae, published by the present author in the 1928 a article referred 
to by HERIBERT NILSSON, were, although low, not at all of this order 
of magnitude. It was stated there (p. 250) that 163 in 569 eggs 
developed, i. e. 1 in 3°*/., after a »t2» dose, while the mutation rate, 
which was 0,1 % in control material, rose to 8,3 % for a »t2» dose, an 
increase of 88 times. Since the 88-fold increase of mutation rate would 
on HERIBERT NILSSON’s hypothesis require a survival of only one 
normal egg in 88, it could not possibly be explained in terms of the 
actually found viability of one egg in 37/.. More detailed work on 
mortality was later carried out by HANSON (1928), and this too shows 
clearly a much lesser effect than called for on HERIBERT NILSSON’s 
view. At the lower doses especially, the mortality is rather low, while 
the mutational effect remains considerable. Our experience has shown 
that with a dose of about 300 r units the great majority of the fertilized 
eggs develop, whereas the mutation frequency at this dose is about ten 
times that of untreated material of the same origin. 

HERIBERT NILSSON might, to be sure, maintain that there was an 
additional mortality of spermatozoa, not fully expressed in the mor- 
tality of zygotic stages. But he himself calls attention to the fact that 
the observed mutation frequency is proportional to the dosage of ir- 
radiation used, as has been thoroughly proved by HANSON, HEys and 
STANTON (1929, 1930) and by OLIVER (1930, 1932). Now, the mortality 
is not observed to vary, and would not be expected to vary, according 
to this rule at all. It follows, and from statistical considerations it 
would be expected to follow, much more nearly a logarithmic curve, 
as the dosage is varied. Thus at low dosages of X-ray treatment, via- 
bility is decreased only a little when the dosage is doubled, but at high 
dosages it may be cut to much less than half its previous value when 
the dosage is doubled; on the other hand the observed mutation fre- 
quency preserves throughout an even increase, nicely proportional to 
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the dosage increase. It is evident therefore that the observed muta- 
tion frequency cannot depend upon the mortality. 

Although the mutation frequency of Drosophila is not raised as 
much when females are treated as when mature spermatozoa are 
treated, nevertheless it is raised many fold even by comparatively small 
doses of irradiation of females, and, on HERIBERT NILSSON’s view, this 
must be accomplished by the killing off of the vast majority of the 
oégonia, eggs, or larvae that received no lethal or other mutant genes 
to save their lives. Nevertheless, we do not find anything like a com- 
mensurate decrease in the productivity of the rayed females, after small 
doses of irradiation (300—900 r units). Moreover, when females which 
are known to be heterozygous for specific mutant-genes are X-rayed, 
there is no adverse effect upon the number of normal versus the 
number of mutant segregates produced in the next generation. Many 
such experiments have been reported by MAvor, and by the present 
author, and any pronounced effect of this kind could not have escaped 
notice. This is known to be true even in the case of white eye, as the 
published records of MAvoR show, although white was the gene which 
HERIBERT NILSSON regarded as his outstanding example of the effect in 
question. He would now be reduced to supposing that the catastrophic 
elimination of normals all occurs in the oégonial stages, and that some- 
how the few surviving cells quickly replenish the loss of the others. 
But many of the mutations have been produced by irradiation occurring 
so shortly before egg-laying that there would be no time for such 
reduplication. Before reduction, recessives would produce no effect. 

As a complete refutation of the mortality hypothesis we may men- 
tion the production of mutations in both of two opposite directions, 
demonstrated by MULLER (1928) and PATTERSON and MULLER (1930) 
and by TIMOFEEF-RESSOVSKY (1929 a, b, 1930, 1931 a, b). HERIBERT 
NILSSON himself cites one of the papers of the latter author in which 
these findings are presented. He does not, however, mention how he 
reconciles the fact that the frequency of appearance of the mutant »a» 
from »A» may be increased by the same agent as increases the fre- 
quency of appearance of the opposite transformation, namely »A» from 
>a», if the effect is the result of differential mortality. On the latter 
view we meet here a hopeless contradiction. 

The impossibility of explaining the mutational effect of X-rays 
by a differential mortality becomes obvious also when we attempt to 
apply such a principle to the production of mutations in somatic or 
partially somatic tissue, as in the work of STADLER (1928, 1930), of 
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PATTERSON (1928, 1929 a, b) and of TIMOFEEF-RESSOVSKY (1929 a, b). 
In the work of all these investigators gene-mutation frequencies which 
were many times the spontaneous frequencies were obtained. It would 
therefore be necessary in all such cases for HERIBERT NILSSON to 
suppose that the vast majority of cells in the seedling, the embryo, 
or the larva were killed off, and that nevertheless practically normal 
development of the plant or the fly, with all organs developing com- 
plete, took place from the isolated cells — one in ten or fewer — that 
remained alive here and there! Moreover, in cases like STADLER’s, in 
which we are not dealing with sex-linked characters in the male, it 
would be necessary to assume that the recessive mutant gene, even 
though it has been proved to be in heterozygous condition, had the 
power of saving the life of the cell from the decimating influence of 
the X-rays. It should be remembered too that this same life-saving 
gene is usually lethal or semi-lethal to a zygote, when in homozygous 
condition. These considerations apply also to experiments of the 
present author, of PATTERSON, and of others on Drosophila, in which 
mutations were produced in diploid cells of females, at stages far 
removed from that of the mature gamete. 

The above arguments have dealt primarily with the evidence 
regarding the mutational effects of X-rays. It is unfortunate that 
HERIBERT NILSSON has so indiscriminately lumped together these 
effects, the effects of moderate differences of temperature, and the 
effects of excessive heat, for they do not stand upon a common footing. 
Concerning the lesser effects found by ALTENBURG and the present 
author, in applying temperature differences within the range that might 
be termed »normal to the fly», not so much need be said as about the 
X-ray effects. There is every reason to believe that the higher tem- 


peratures used (27° + €), — at which an approximate doubling of the 
mutation frequency, in comparison with that at the lower temperatures 
(19° + C), was observed, — were not in the slightest degree damaging 


to the flies or to their germ cells. If they were damaging, then in 
order to apply HERIBERT NILSSON’s principle, it would either have to 
be assumed, in most of the cases, that the warmth selectively eliminated 
about twice as many of the normal as of the lethal-bearing gametes — 
but the reasons why such selection of gametes cannot occur have 
already been given — or, elimination being supposed to occur in the 
diploid stage of the cells, the heterozygous recessive lethal gene must 
again be presumed to save the life of the cell. As in the argument con- 
cerning X-rays, this is a virtual reductio ad absurdum. We do not 
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consider it our province here to discuss the evidence concerning the 
claimed effects of higher degrees of heat, reported positively by 
GOLDSCHMIDT (1929), by JOLLOS (1930, 1931) and by Roxirsky (1930), 
and negatively by FERRY, SHAPIRO and SipOROFF (1930). Until the 
inner contradictions in the results with heat, pointed out by ROKITSKY 
himself, have been cleared up, much must remain questionable con- 
cerning the interpretation of the reported positive findings. But, what- 
ever the final interpretation may be, it is clear that it will not be the 
one offered by HERIBERT NILSSON. For perusal of the foregoing argu- 
ments will show that some of the most cogent of them would apply 
against his interpretation, regardless of the cause of the supposed rise 
in the general frequency of mutations. 

In view of these various strictures, it seems superfluous to consider 
in detail the reported results concerning the frequency of spurious 
mutants in late-germinating Oenothera seeds. This matter is too 
remote from that of the production of actual new mutations by X-rays, 
or even by temperature changes. In fact, insufficient data are provided 
for the discussion of these results, since data from controls, taken from 
the same batches of seeds and germinated early, are not given, and it 
is also not stated whether or not certain particular aberrant types 
predominate, in the given batches. The phenomenon reported evidently 
awaits further investigation, but the outcome of the latter will not be 
able to shake our own results. 

In his conclusion, HERIBERT NILSSON seeks to discredit the idea 
of artificial production of mutations, by calling into question the notion 
that an important fraction of the natural mutations are produced by 
natural radiation. The former matter is, however, by no means depen- 
dent upon the latter. To clear up the faulty historical impression 
created by HERIBERT NILSSON’s account, it may here be recalled that 
the latter idea was first suggested by me in 1927, and again in 1928a 
and b, as a mere subject for investigation, a contingency made possible 
by the finding of the artificial X-ray mutations, that it was never put 
forward by me as more than a possibility, and that the necessary in- 
vestigation was in fact finally carried out and completed by Morrt- 
SMITH and myself in 1929—30. 'TIMOFEEF-RESSOVSKY’s independent 
calculations made in the same year (see TIMOFEEF-RESSOVSKY, 1931 b) 
led to the same conclusions as ours. We found, quite decisively, that 
the »natural» mutation frequency was far too high to be explained by 
the natural radiation frequency, and we therefore concluded that the 
great majority of natural mutations must have some other cause or 
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causes than radiation. This finding, which is not mentioned by 
HERIBERT NILSSON although we sent him our reprints, in the title of 
one of which the result was stated (MULLER and MortT-SmITH, 1930), 
is in no way contradictory to the finding that X-rays and radium can 
be used artificially to produce mutations in abundance. Nor is it 
antagonistic to the finding that the artificial mutations, though induced 
by a different primary agent, are in themselves of the same nature as 
the natural ones, and that they may therefore be used legitimately even 
in the study of the mechanism of natural mutation, and of gene 
structure. 

In the opinion of the present author, it is not to the advantage of 
genetics or geneticists for them to be blinded to the existence of any 
useful method of research. And an unfortunate diversion of time and 
energy is required when hardwon conclusions are assailed by means of 
ill-considered evidence, proceeding from sources regarded as authori- 
tative. 
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Le die Vererbung der Samenschalenfarbe bei Phaseolus vulgaris 
sind bisher etwa 35 Arbeiten erschienen. Trotz dieser nicht ge- 
ringen Anzahl von Veréffentlichungen muss gesagt werden, dass auf 
diesem Gebiete noch grosse Unklarheit herrscht. Eine Zusammenfassung 
der Ergebnisse dieser Arbeiten in monographischer Form, wobei natiir- 
lich zu fordern ware, dass sich die verschiedenen Einzelresultate gegen- 
seitig erganzen und zu einem Ganzen zusammengefiigt werden kénnen, 
diirfte gegenwirtig als undurchfiihrbar zu bezeichnen sein. Als Ur- 
sachen der hier bestehenden Unklarheit sind hauptsachlich zwei hervor- 
zuheben. 

Erstens fehlen in der Mehrzahl der Arbeiten hinlanglich genaue 
Angaben tiber die in Rede stehenden Farben, um dariiber ins Klare 
kommen zu kénnen, auf welche Farben die Verfasser abgezielt haben. 
Dies ist u. a. schon von KRISTOFFERSON (1924) hervorgehoben worden. 
Die grosse Mehrzahl der Verfasser hat namlich bei der Beurteilung der 
Testafarbe kein Standardwerk iiber Farben (mit Farbenkarten) ver- 
wendet. Die verschiedenen Farben wurden ganz einfach mit den in der 
Umgangssprache gebrauchlichen Ausdriicken »braun», »gelbbraun>, 
»gelb» u. s. w. bezeichnet. Dass diese Bezeichnungsweise ganz un- 
geniigend sein muss, sollte den betreffenden Verfassern eigentlich schon 
von Beginn an klar gewesen sein, denn man braucht ja nur eine Reihe 
von Sorten mit verschiedenen Nuancen von z. B. braun unter gleichen 
Milieuverhiltnissen nebeneinander zu bauen um sich davon iiberzeugen 
zu kénnen, dass die einzelnen Nuancen konstant verschieden bleiben, 
demnach erblich bedingt sein miissen. Wird nun eine dieser Nuancen 
einfach als »braun», »dunkelbraun» oder dahnlich bezeichnet, so ist es 
fiir spaitere Forscher unméglich eine sichere Auffassung von der be- 
treffenden Farbe zu erhalten. Es erscheint also in bezug auf die Farben 
unerlasslich, dieselben auf bestimmte Felder von Farbentafeln zu be- 
ziehen, die eventuelle Variation von Nuancen — bedingt durch ver- 











170 HERBERT LAMPRECHT 





schieden gutes Ausreifen, Altern u. dgl. — anzugeben und schliesslich 
ist es angezeigt die Farben mit den Fachausdriicken zu _ bezeichnen. 
wie sie z. B. im Répertoire de Couleurs der Société francaise des 
Chrysanthémistes et RENE OBERTHUR fiir 365 Farbentoéne (in je 4 Stirke- 
abstufungen) in fiinf Sprachen angegeben sind. 

Die zweite und vielleicht schwerwiegendere Ursache der hier herr- 
schenden Unklarheit ist der sozusagen totale Mangel eines Zusammen- 
hanges in genotypischer Hinsicht zwischen den einzelnen Arbeiten. Es 
ist praktisch genommen gar nie vorgekommen dass ein Forscher die 
schon friiher in anderen Arbeiten behandelten Biotypen sich beschafft 
hat und seine Untersuchungen dann ausgehend von diesen fortgesetzt 
hatte. Dies wire mit Hinsicht auf die komplizierten Verhiltnisse bei 
der Vererbung der Testafarbe von Phaseolus vulgaris zur Erzielung von 
Fortschritten unerliasslich gewesen. So wie es sich gegenwirtig verhalt, 
erscheinen die Ergebnisse der verschiedenen Forscher als _isolierte 
Bruchstiicke, die zueinander nicht in sichere Beziehung gebracht wer- 
den kénnen. Wir haben hierbei einer Frage von grundlegender Be- 
deutung zu gedenken, von deren Klarlegung es letzten Endes abhangen 
wird, ob wir die bisherigen bzw. weitere Resultate zu einem Ganzen 
vereinigen kénnen werden; es ist dies die Frage nach dem oder den 
Grundfaktoren fiir die Ausbildung der Testafarbe und nach dem Ver- 
halten der einzelnen Farbenfaktoren zu diesen. 

Die bisher erschienenen Arbeiten geben hiertiber — soweit ich habe 
finden kénnen — keinerlei Aufschliisse. Sie besprechen stets nur Kreu- 
zungen, in denen eine Spaltung nach meistens einem oder zwei Faktoren 
stattgefunden hat. Dass bei Abwesenheit eines gewissen Faktors — des 
Grundfaktors fiir die Testafarbe — die Samenschale farblos, d. h. weiss 
ist, ist von mehreren Forschern festgestellt worden. Eine Bohnenlinie 
nur mit dem Grundfaktor fiir Testafarbe, die, wie ich unten zeigen 
werde, gleichfalls weisse Samenschale aufweist, scheint indessen bisher 
kein Forscher in der Hand gehabt zu haben. Unter dieser Vorausset- 
zung also, dass es weisse Bohnen mit und ohne Grundfaktor gibt, von 
denen die letzteren eine beliebige Anzahl Farbenfaktoren enthalten 
k6nnen, sollen in Kreuzungen von zwei Bohnenlinien mit weissen Samen 
Nachkommen mit farbigen Samen, und in Kreuzungen von zwei Boh- 
nenlinien mit farbigen Samen Nachkommen mit weissen Samen aus- 
spalten kénnen. Ein Fall wie dieser letztgenannte soll unten einge- 
hender besprochen werden (siehe Kreuzung Nr. XII). 

Auf Grund der im Vorstehenden angedeuteten Unklarheit in den 
bisher vorliegenden Kreuzungsresultaten in bezug auf die Samenfarbe 
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von Phaseolus vulgaris werde ich hier in der Einleitung davon Abstand 
nehmen eine Ubersicht iiber die Literatur zu geben. Diese soll anstatt 
dessen nach Besprechung der Kreuzungen und ihrer Ergebnisse disku- 
tiert werden, wobei nur die wichtigeren Mitteilungen — und soweit sich 
diese mit den vorliegenden Daten in Einklang bringen lassen — beriick- 
sichtigt werden sollen. Eine eingehende Erérterung der bisher vor- 
liegenden Literatur beabsichtige ich in einer spateren zusammenfassen- 
den monographischen Darstellung zu geben. 


DIE HIER SPALTENDEN TESTAFARBEN. 


Die Beurteilung der Testafarben erfolgte an der Hand von drei ver- 
schiedenen Arbeiten, nimlich 

1. Répertoire de Couleurs publié par la Société francaise des Chry- 
santhémistes et RENE OBERTHUR, 1905. (Unten abgekiirzt zu RC). 

2. KLINCKSIECK et VALETTE, Code des Couleurs, Paris 1908. (Unten 
abgekiirzt zu CC). 

3. Farbentafeln nach OSTWALD, bearbeitet von der Deutschen 
Werkstelle fiir Farbkunde. Ernst Benary, Erfurt. (Unten abgekiirzt 
zu FT). 

Erwahnt soll werden, dass nicht alle Nuancen in allen drei Ar- 
beiten vorkommen. So fehlen z. B. in der Farbentafeln nach OSTWALD 
die griin enthaltenden Nuancen. Ist ein Farbenton in einer Arbeit gut, 
in einer anderen weniger gut wiedergegeben, so wird nur die erstere 
Arbeit zitiert. 

Die Beurteilung der Samenschalenfarbe ist stets an neu geernteten, 
gut ausgereiften Samen vorzunehmen, da sich manche Testafarben schon 
binnen wenigen Monaten verindern. Es findet nicht nur ein Nach- 
dunkeln sondern auch eine Verinderung der Farbe statt. Gewisse Far- 
ben scheinen sich dagegen jahrelang unverandert zu halten. In Fallen 
wo auch die neu geernteten Samen infolge weniger guten Ausreifens 
keine ganz sichere Beurteilung ihrer Testafarbe gestatteten, ist die 
nachste Generation zur Entscheidung herangezogen worden. 

Reinweiss (Blanc pur, Pure white), RC 1. Die Samenschale ist 
farblos, sie erscheint aber infolge der durch Luft unter und in derselben 
bedingten Lichtbrechungsverhialtnisse reinweiss. Reinweisser Hilum- 
rand. Letzteres soll hervorgehoben werden, da es Bohnenlinien gibt, 
die z. B. schwefelgelben Hilumrand besitzen, im iibrigen aber ganz rein- 
weiss sind. Reinweisse Bohnen verandern ihre Farbe nur sehr langsam. 
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nach mehr als einem Jahr, und nehmen dann einen sehr blass schmutzig- 
gelblichen Tor an. 

Geschwefeltes Weiss (Blanc soufré, Sulphury white), RC 14/3—4, 
CC 221—203 C, FT 1 ca—1lea. Diese Farbe variiert etwas, und kann 
Tone bis zu Gelblichweiss (Blanc jaunatre, Yellowish white), RC 13/3—4, 
annehmen. Schlecht ausgereifte Samen sind glasiger und zeigen die 
letztgenannte Farbe, die bisweilen noch starker schmutziggelblich wer- 
den kann. Reinweisser Hilumrand. Geschwefeltes Weiss ist eine sehr 
konstante Farbe und verindert sich auch bei jahrelangem Aufbewahren 
nur wenig. 

Rohseidengelb (Chair saumoné, Pale Ecru), RC 66/1—4, CC 128 D 
(—146), FT 3,5 ec. Diese Farbe variiert bei gut ausgereiften Samen nur 
unbedeutend. Schlecht ausgereifte Samen veraindern ihre Farbe jedoch 
betrachtlich und kénnen leicht mit weniger gut ausgereiften Samen der 
nichsten Farbe (Schamois) verwechselt werden. Dies ist leicht an 
Proben von einzelnen Pfianzen festzustellen, in denen sowohl gut wie 
schlecht ausgereifte Samen vorkommen. Farbe des Hilumrandes Bister 
RC 328/1—2 bis Lichter Ocker RC 326/4. Die Hilumrandfarbe ist 
iibrigens sehr vom guten Ausreifen abhangig; es kommen zum Teil noch 
hellere, viel haufiger aber dunklere Téne vor. Rohseidengelb bleibt bei 
langerem Aufbewahren nicht lange konstant, es dunkelt nach und ver- 
andert gleichzeitig seine Farbe so stark, dass es nach einigen Jahren 
nicht mehr erkannt werden kann. Zuerst geht es vom hellsten Roh- 
seidengelb, RC 66/1, allmahlich in das dunkelste, RC 66/4, iiber, dann 
verandert sich die Farbe bis Isabellfarbig, RC 309/1, und schliesslich 
bis Abgestorben Laubgelb, RC 321/3. Entsprechende Uberginge in CC 
sind: 128 C — 128 D — 103 C — 137 — 132 — 127 und dunkler; in FT: 
4 ca — 3,5 ea — 4,5 ea — 4,5 ge — 5 ge — 5 ie — 5,5 ng — 5,5 pi. 

Schamois (Chamois, Shamois), RC 325/1—2, CC 171, FT 2,5 ge. 
Diese Farbe zeigt auch bei gut ausgereiften, neu geernteten Samen eine 
betrachtliche Variation. Die vorstehend zitierten Nummern von Far- 
benfeldern entsprechen der am haufigsten vorkommenden Nuance. Aber 
es kommen auch oft mehr oder weniger stark kanarien- bis zitrongelb 
gefarbte Samen vor; von diesen entsprechen die am starksten gefarbten 
RC 17/2 bis 21/2. Entsprechende Variationen sind CC 153 D— 196, 
FT 4 gc bis 2 ic. Der Hilumrand ist bister, etwa wie bei rohseidengelben 
Samen, aber haufig etwas dunkler. Schamois verandert sich beim Auf- 
bewahren sehr schnell, es wird viel dunkler und der oben erwahnte, 
zuweilen stark kanariengelbe Ton verschwindet vollkommen. Nach 
einem Jahre entspricht die Farbe in der Regel dem dunkelsten Schamois, 
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RC 325/4, nach ein bis zwei weiteren Jahren wird sie dunkel Haselnuss- 
braun, RC 324/4 und ist dann nicht mehr zu erkennen. Parallel hiermit 
wird auch die Farbe des Hilumrandes zunehmend dunkler. 

. Bister (Bistre), RC 328/1—2, CC 152, mitunter etwas heller, selten 
etwas dunkler gegen CC 128, FT 4, pe—4,5re. Neu geerntete, gut 
ausgereifte Samen zeigen nur geringe Farbenvariation, zuweilen findet 
man noch ein klein wenig hellere Téne als RC 328/1. Der Hilumrand 
ist dunkelbister, RC 328/4, CC 78—83, nicht selten ist er noch dunkler, 
Fahlbraun RC 308/4 bis Kastanienbraun RC 341/1—4. Auch diese Sa- 
menfarbe verandert sich nach kurzer Zeit, um allmahlich Dunkelbister, 
RC 328/4, mit Cbergingen zu Fahlbraun (Fauve), RC 308/1—3, zu er- 
reichen. Gleichzeitig hiermit wird auch der Hilumrand dunkler. 

Miinzbronze (Bronze de Médaille, Golden bronze green), RC 298/1, 
selten 298/2; CC 162 (selten bis 129), FT 4 ge, 3,5 lg, selten 4,5 pl. Diese 
Farbe ist an neugeernteten Samen recht konstant und einheitlich. Der 
Hilumrand ist Fahlbraun, RC 308/2—3. Beim Aufbewahren dunkeln 
die Samen ein wenig nach bis dunkel Miinzbronze, RC 298/83; gleich- 
zeitig kann auch die Farbe sich etwas Umbra, RC 301/3 nahern. 

Mineralbraun, dunkel (Brun minéral, Mineral brown), RC 339/4, 
CC 104—105, FT 5,5 pi — 5,5 pl, und etwas dunkler mit Ubergingen zu 
Umbra gebrannt, RC 304/2—3. Die hellsten Samen nahern sich in 
bezug auf die Farbe etwas Dunkel-Brun de Stil oder Rhamninbraun, 
RC 297/4, FT 5ri. Wie aus diesen Angaben hervorgeht, stimmt die 
Farbe nicht ganz exakt mit Mineralbraun, dunkel, iiberein, sie kommt 
ihr aber unter den erwadhnten Farben am niachsten, weshalb diese 
Bezeichnung gewahlt worden ist. Die Variation dieser Farbe ist im 
allgemeinen gering. Der Hilumrand ist dunkel Umbra gebrannt, RC 
304/4 und noch dunkler bis dunkles Karrobenbraun, RC 342/4. Mineral- 
braun verandert sich beim Aufbewahren nur wenig, es wird allmahlich 
etwas dunkler. 

Kastanienbraun (Marron, Maroon), RC 341/2—4, und bisweilen 
dunkler mit Ubergingen zu dunkel Schwarzviolett, RC 193/4, CC 35—40 
—64, TF 7,5 pn — 8,5 pn und dunkler. Diese letzte Farbe (RC 193/4) 
scheint aber nur sehr selten erreicht zu werden. Nicht gut ausgereifte 
Samen weichen in der Farbe oft bedeutend ab, indem der grésste Teil 
der Samenschale dunkel Mineralbraun erscheint. In solchen Fallen tritt 
aber die richtige Farbe (Kastanienbraun) gewoéhnlich recht deutlich in 
der Nahe des Hilums, haufig iiber der Radicula und gegeniiber dieser 
zutage, was ein Identifizieren erleichtert. Man bekommt hier den be- 
stimmten Eindruck, dass in der Samenschale zuerst Mineralbraun aus- 
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gebildet wird und dieses dann durch einen von der Umgebung des 
Hilums aus fortschreitenden Prozess in Kastanienbraun umgewandelt 
» wird. Der Hilumrand hat hier etwa gleich oder etwas hellere Farbe als 
die tibrige Samenschale. Kastanienbraun zeigt bei langerem Verwahren 
kaum irgendwelche Verinderungen. 

Veilchenviolett, dunkel (Violet de Violette, Violet purple), RC 192/4, 
aber fast stets dunkler; CC 529—530 (ev. —504), FT 11,5 pl und dunkler. 
Diese Farbe variiert an gut ausgereiften Samen nur wenig. Der Hilum- 
rand zeigt eine mit der Samenschale tibereinstimmende Farbe. Schlecht 
ausgereifte Samen zeigen so grosse Unterschiede in der Farbe, dass sie 
ohne besondere Kenntnis der Verhaltnisse in der Regel nicht zu erkennen 
sind. Sie erscheinen schmutzig Schamois, mit mehr oder weniger deut- 
lichem hellviolettem Anflug, der um das Hilum herum am deutlichsten 
ist. Diese hellviolette Farbe breitet sich dann allmahlich iiber die ganze 
Testa aus, wobei sie zuerst iiber der Radicula und um das Hilum ihre 
endgiltige Nuance, dunkel Veilchenviolett, annimmt. Auch hier erhalt 
man den bestimmten Eindruck, dass in der Samenschale zuerst Scha- 
mois ausgebildet wird und dieses dann durch einen von der Umgebung 
des Hilums aus fortschreitenden Prozess in dunkel Veilchenviolett um- 
gewandelt wird. Von der Richtigkeit dieser Verhaltnisse habe ich mich 
durch wiederholtes Aussien verschiedener solcher Ubergangstypen (in 
F;, F, und F;) iiberzeugen k6nnen. 

Chromgriin (Vert de Chrome, Dark dull green), RC 236/2—4 und 
noch dunkler. Samen mit dieser Farbe, die — soweit ich hier habe 
konstatieren k6nnen — nur bei einer gewissen Heterozygotie aufgetreten 
sind, machen in der Regel den Eindruck von fast schwarzen Samen mit 
einem blaulich-griinen Metallglanz. CC 380 bis Schwarz. In FT kommt 
diese Farbe nicht vor. Der Hilumrand zeigt gleiche Farbe wie die iibrige 
Samenschale. Diese Farbe scheint sich beim Aufbewahren nicht zu 
veraindern. Wie wir unten sehen werden ist diese Farbe mitunter schwer 
von schwarz zu unterscheiden. 

Schwarz, reines (Noir pur, Black pure), RC 349/4. Samen mit dieser 
Farbe sind im gut ausgereiften Zustand immer glanzend. Zuweilen kom- 
men Samen mit Elfenbeiner Schwarz (Noir d’Ivoire, Ivory black) RC 
350/1—2, vor. Diese Farbe scheint auf unvollkommene Ausfarbung 
beim Reifeprozess zuriickzufiihren zu sein. Die von mir gefundenen 
Spaltungsverhaltnisse scheinen wenigstens darzutun, dass diese Farbe 
nicht an eine bestimmte genetische Konstitution fiir Schwarz ge- 
bunden ist. 

Die Farbe des Hilumrandes ist im vorliegenden Material immer in 
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bestimmter Beziehung zur Testafarbe gestanden. Ausnahmen hiervon 
sind nicht vorgekommen, d. h. jede der oben beschriebenen Testafarben 
ist stets mit der bei ihr beschriebenen Hilumrandfarbe zusammen auf- 
getreten. Ein weisser Hilumrand ist also z. B. nur bei den Testafarben 
Weiss und Geschwefeltes Weiss beobachtet worden. Damit soll nicht 
gesagt sein, dass dies etwa allgemeine Giiltigkeit besitzt; im Gegenteil 
sind imir verschiedene Falle bekannt, wo z. B. weisse Testafarbe zusam- 
men mit zitronengelbem oder bister gefarbtem Hilumrand vorkommt, 
auch Falle von chromgriinen Samen mit weissem Hilumrand sind mir 
bekannt. Dies jedoch nur nebenbei. 

Yast alle der unten in Kreuzung Nr. IJ, IV und CIII besprochenen 
Samentypen zeigten aussen um den Hilumrand noch einen weiteren 
farbigen Ring, den ich als Corona bezeichnen will. Diese Corona ist an 
der Stelle der Caruncula (Nabelwarze, Strophiola) immer unterbrochen, 
an der Stelle der Mikropyle ist sie entweder diinner oder unterbrochen. 
Ist die Corona hier nicht unterbrochen, so macht sie an dieser Stelle eine 
Ausbuchtung um die Mikropyle herum. Die Farbe der Corona ist gewohn- 
lich — hier immer — dunkel Griinlichblau, CC 404, bis Chromgriin, 
etwa RC 236/2. Ob in den unten behandelten Kreuzungen Nr. II, IV 
und CIII eine Spaltung in bezug auf die Corona vorkommt ist nicht 
naher untersucht worden. Wahrscheinlich ist dies nicht der Fall, da 
jedenfalls nur sehr wenige Typen ohne deutliche Corona angetroffen 
worden sind. 

Die Nabelwarze (Caruncula, Strophiola) ist bei allen hier in Frage 
stehenden Samen mit weissem Hilumrand gleichfalls weiss, bei Samen 
mit gefarbtem Hilumrand zeigt dieselbe eine stets bedeutend dunklere, 
aber im iibrigen Ahnliche Farbe wie dieser. Bei Veilchenviolett, 
Chromgriin und Schwarz ist die Nabelwarze gleichwie der Hilumrand 
schwarz. Ausnahmen in bezug auf die Farbe der Nabelwarze von eben 
Erwahntem sind nicht vorgekommen und mir auch im iibrigen nur in 
ganz vereinzelten Fallen bekannt. 

Die Mikropyle hat ahnliche Farbe wie die Umgebung gezeigt. 


DIE BENUTZTEN FAKTORENBEZEICHNUNGEN. 


Bevor ich an die Besprechung der Kreuzungsresultate schreite, er- 
scheint es mir angebracht kurz die hier verwendeten Faktorenbezeich- 
nungen zu erértern. Dabei lisst es sich allerdings nicht umgehen schon 
jetzt im vorweg die wichtigsten Ergebnisse der unten behandelten Kreu- 
zungen anzudeuten. In den meisten Fallen musste die Wahl der Fak- 
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torenbezeichnungen eine recht willkiirliche werden, denn teils konnte 
oft nicht festgestellt werden auf welche Farbe ein Faktor bezogen wor- 
den ist, teils ist ein und dasselbe Symbol fiir mehrere verschiedene Far- 
ben verwendet worden, teils wiederum sind verschiedene Symbole fiir 
ein und dieselbe Farbe zur Verwendung gelangt und schliesslich diirfte 
es sicher sein, dass ein Faktor haufig als allein eine Farbe verursachend 
angegeben worden ist wo es sich in Wirklichkeit aber um mehrere ge- 
handelt hat. 

Von einer Reihe von Forschern ist nachgewiesen worden, dass fiir 
die Ausbildung von Pigment in der Samenschale von Phaseolus vulgaris 
die Anwesenheit eines Grundfaktors erforderlich ist. Samtliche Boh- 
nenbiotypen ohne diesen Grundfaktor — wieviele andere Farbenfak- 
toren sie auch besitzen mégen — haben weisse (farblose) Testa. Als 
Symbol fiir diesen Grundfaktor benutze ich den zuerst von SHULL (1907 b, 
S. 829) hierfiir verwendeten Buchstaben P. Spiter ist von anderen 
Forschern teils diese Bezeichnung (EMERSON 1909, SHAW and NORTON 
1918, SAx und MCPHEE 1923, KRISTOFFERSON 1924, MACHLEJD 1926), 
teils der Buchstabe A hierfiir verwendet worden (TSCHERMAK 1912, 
KOOIMAN 1920, SirKs 1920, 1922, TJEBBES und KOOIMAN 1922). Der 
Grundfaktor P allein, ohne weitere Farbenfaktoren, verursacht, wie 
unten in Kreuzung Nr. XII zum erstenmal nachgewiesen wird, keine 
Farbe. Bohnen mit dem Grundfaktor fiir Testafarbe allein sind weiss. 

Fiir Geschwefeltes Weiss nehme ich einen Farbenfaktor C an, der 
zusammen mit P diese Farbe bedingt. Dieser Faktor verursacht keine 
Farbung des Hilumrandes. Bohnen mit C in heterozygotischer Dosis 
sind marmoriert — PPCc ist demnach marmoriert: Geschwefeltes Weiss 
auf weissem Grunde. Der Buchstabe C ist bisher schon fiir eine ganze 
Reihe von verschiedenen Farben verwendet worden, so z. B. von 
TSCHERMAK (1912) fiir »Gelbbraun», von SHAW and Norton (1918) fiir 
»Gelb», von LUNDBERG und AKERMAN (1917) fiir »Schokoladen». Bei 
einem Vergleich der Resultate meiner Kreuzung Nr. XII mit den von 
den oben zitierten Verfassern mitgeteilten Spaltungsergebnissen wird 
klar, dass ihr Faktor C stets der Ausdruck fiir mehr als einen einzigen 
Faktor gewesen ist. 

Fiir Rohseidengelb nehme ich einen Farbenfaktor J an, der zu- 
sammen mit P die Ausbildung dieser Farbe verursacht. Dieser Faktor 
bedingt gleichzeitig die auf Seite 172 unter »Rohseidengelb» erwahnte 
Farbung des Hilumrandes. Das Symbol J ist — soweit ich finden kann 
— bisher fiir Bohnen nicht benutzt worden. 

Bei Anwesenheit von sowohl Faktor C wie J und P wird die Samen- 
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schale Schamois. Ist C in heterozygotischer Dosis vorhanden (PP Cc JJ) 
erhalten wir Schamois-marmoriert auf rohseidengelbem Grunde. 

Der Effekt der drei weiteren in Rede stehenden Faktoren G, B und 
V allein in Verbindung mit dem Grundfaktor P oder in verschiedenen 
Verbindungen mit diesem und einem der beiden Faktoren C und J geht 
aus den unten zu besprechenden Kreuzungen nicht hervor. Dagegen 
bringen diese volle Klarheit in bezug auf den Effekt jeder Kombination 
dieser drei Faktoren auf die Konstitution PP CC JJ, d. h. hinsichtlich 
des Verhaltens dieser drei Faktoren zur Schamois-gefarbten Samen- 
schale. 

Der Faktor G bedingt’eine Verainderung von Schamois zu Bister. 
Der Buchstabe G ist bisher fiir verschiedene Farben verwendet worden, 
so z. B. von LUNDBERG und AKERMAN (1917) fiir »Gelbbraun» (= Bister), 
von SHAW and NorTon (1918) fiir Schwarz, von StrKs (1920) fiir »Gelb- 
braun», von KRISTOFFERSON (1924) fiir Schwarz. 

Der Faktor B veraindert Schamois zu Miinzbronze. Auch dieser 
Buchstabe ist bereits in verschiedener Bedeutung verwendet worden. 
Bei SHULL (1907 b) bedeutet er »Dunkelpurpur», bei EMERSON (1909) 
»Schwarz», bei TSCHERMAK (1912) »Violett», bei Koomman (1920) 
»Zitrongelb», u. s. w. JOHANNSEN (1926, S. 443) hat ihn fiir » Bronze» 
benutzt. 

Den Faktor schliesslich, der Schamois in dunkel Veilchenviolett 
umwandelt, bezeichne ich mit V. Das gleiche Symbol ist von JOHANNSEN 
(1926, S. 443) fiir »Violett» benutzt worden. 

Ich gebe nun eine Ubersicht iiber alle hier in Rede stehenden Fak- 
torenkombinationen und die durch dieselben bedingten Testafarben. 
Erwahnt soll werden, dass die meisten Heterozygoten (abgesehen von 
den Marmorierten) in der Farbe mit dem Auge nicht von den Homo- 
zygoten unterschieden werden konnten. Eine einzige Ausnahme bildete 
das glanzende Chromgriin-Schwarz, dem eine bestimmte heterozygoti- 
sche Konstitution zukommt. Die beiden hier erschienenen marmorier- 
ten Typen gehen mit Heterozygotie des Faktors C einher. Folgende 
Faktorenkombinationen wurden untersucht: 

PP cc jj gg bb vv Weiss 

PP Cc jj gg bb vv Marmoriert Geschwefeltes Weiss/Weiss 

PP CC jj gg bb vv Geschwefeltes Weiss 

PP ccJJ ggbbvv | 

PP cc Jj gg bb vv | 

PP CcJjggbbvv | 

PP CcJJ gg bbvv | 


Hereditas XVI. 12 


Rohseidengelb 


Marmoriert Schamois/Rohseidengelb 
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Samen. 


PP CC Jj gg bb vv 
PP CC JJ gg bb vv 
PP CC JJ Gg bb vv 
PP CC JJ GG bb vv 
PP CC JJ gg Bb vv 
PP CC JJ gg BB vv 
PP CC JJ gg bb Vv 
PP CC JJ gg bb VV 
PP CC JJ Gg Bb vv 
PP CC JJ Gg BB vv 
PP CC JJ GG Bb vv 
PP CC JJ GG BB vv 
PP CC JJ Gg bb Vv 
PP CC JJ Gg bb VV 
PP CC JJ GG bb Vv 
PP CC JJ GG bb VV 
PP CC JJ gg Bb Vv 
PP CC JJ gg Bb VV 
PP CC JJ gg BB Vv 
PP CC JJ gg BB VV 
PP CC JJ Gg Bb Vv 
PP CC JJ Gg Bb VV 
PP CC JJ Gg BB Vv 
PP CC JJ Gg BB VV 
PP CC JJ GG Bb Vv 
PP CC JJ GG Bb VV 
PP CC JJ GG BB Vv 
PP CC JJ GG BB VV 


KREUZUNG NR. II. TESTAFARBE BISTER « SCHWARZ. 


Als Eltern zu dieser Kreuzung wurden benutzt eine »Braune 
Bohne» von der Firma W. WEIBULL in Landskrona, Stella 0840, eine 
reine Linie (L. 1) mit der Testafarbe Bister, sowie ein einheitlicher 
Stamm der bekannten Wachsbohne Neger (0850) mit rein schwarzen 
Die Samenschalen beider Eltern sind glainzend. Beide sind 
typische niedrige Bohnen. Die Bliitenfarbe von Stella ist Laeliafarbig, 
blass, ihnlich RC 187/1, aber viel blasser, die von Neger ist Bischofs- 
violett, hell, RC 189/1, jedoch etwas lebhafter. Die Hiilsenfarbe von 
Stella ist mittelgriin, die von Neger das fiir Wachsbohnen charakteristi- 
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| Schamois 
| Bister 


Miinzbronze 


| Veilchenviolett, dunkel 


Mineralbraun, dunkel 


Kastanienbraun 





Chromgriin—Schwarz, glanzend 


Schwarz 
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sche Gelb. Diese Eigenschaften seien nur nebenbei erwahnt, da ihre 
Vererbung in vorliegender Arbeit nicht behandelt werden soll. 

Die Kreuzungen wurden 1926 in beiden Richtungen ausgefiihrt. Es 
wurden etwa 30 F,-Samen erhalten. Die F,-Generation dieser Kreuzung 
gelangte in einem fiir den Bohnensamenbau ausserordentlich ungiinsti- 
gen Jahre, 1927, zur Entwicklung. Ein betrachtlicher Teil der erhalte- 
nen Samen war schlecht ausgereift, was zur Folge hatte, dass in der 
zweiten Generation im Jahre 1928 nur 174 Pflanzen erhalten wurden. 
Die Samen dieser Generation waren sehr gut ausgebildet. 

An F, wurde folgendes beobachtet. Es dominierte die Bliitenfarbe 
von Neger, Bischofsviolett, anscheinend vollkommen iiber die von 
Stella, blass Laeliafarbig. Es dominierte die Hiilsenfarbe von Stella, 
Griin, anscheinend vollkommen tiber die gelbe Hiilsenfarbe von Neger. 
Die auf F, erhaltenen Samen (F.-Samen) hatten glinzend rein schwarze 
Testafarbe, gleichwie die von Neger. Die Samenformen der beiden 
Eltern weichen nur ganz unbedeutend voneinander ab, die Form der 
F,-Samen stimmt mit diesen tiberein. Hier eventuell vorhandene Ab- 
weichungen kénnten nur durch ganz genaue Messungen festgestellt 
werden. 

Die auf F, erhaltenen Samen zeigten mit Hinsicht auf die Testa- 
farbe die in Tabelle 1 mitgeteilten Spaltungsresultate. Die gefundenen 
Zahlen stimmen ziemlich gut mit folgendem theoretischen Verhaltnis: 
36 Schwarz :9 Kastanienbraun :9 Mineralbraun : 3 Veilchenviolett : 3 
Miinzbronze : 3 Bister : 1 Schamois. Wir haben es also allem Anschein 
nach mit einer trifaktoriellen Spaltung zu tun. Werden die erhaltenen 
Spaltungszahlen auf die Kombinationszahl 64 umgerechnet, resultiert 
an Stelle des oben angefiihrten theoretischen Verhiltnisses das folgende: 
34,94 : 11,40 : 8,09 : 2,21 : 2,58 : 2,01: 1,81. Die fiir D/m berechneten Werte 
(siehe Tab. 1) zeigen an, dass die erhaltenen Zahlen fiir dieses Spaltungs- 
verhaltnis statistisch sicher sind. Volle Klarheit in bezug auf die geno- 
typische Konstitution der hier spaltenden Typen kann natiirlich erst in 
einer folgenden Generation gewonnen werden. 

Unter Hinweis auf die Auseinandersetzung im vorigen Abschnitt 
tiber Faktorenbezeichnung bezeichne ich die drei hier an der Spaltung 
beteiligten Faktoren mit G, B und V. Sa&mtliche hier in Rede stehenden 
Typen miissen iiberdies noch wenigstens drei andere Faktoren fiir Testa- 
farbe besitzen. Namlich erstens den Grundfaktor fiir die Ausbildung 
von Farbe P und zweitens die beiden Faktoren C und J, die zusammen 
die Farbe Schamois bedingen. Der Beweis fiir die letztere Behauptung 
soll spaiter bei der Besprechung von Kreuzung Nr. XII erbracht werden. 
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TABELLE 1. F, der Kreuzung II: L. 1, Bister X 0850, Schwarz. 
(D/m berechnet fiir das theoretische pti toa 629° 9335923285) 
i anil | Kasta- |Mineral-| Veilchen-| , areal a a = 
| Nr. Schwarz | nien- | braun | violett Bes le Bister | — | Summe 
| braun |(dunkel); (dunkel) ” poe | | 
l l | l 
15110 i9 | 3] 6 | fdas foe de 30 
D/m 0,78 | O62 | 1,12 0,34 tar | dyn | 0,45 | | 
| | | | | 
15111 30 oG 5 | 1 6 — So 1 62 | 
D/m 0,21 | 0,12 | 0,92 | 0,94 2,32 | 1,60 2,16 i ioe | 
15112 oa ee oe ee ee . 31 | 
D/m 0,20 | 0,19 | O19 | 0,7 | 0,38 | 0,47 070 | — | 
15113 si eis| aia 4 — | 32 | 
D/m | 1,78 | 2,28 | 0,76 | Of2 | O,42 2,08 0,71 pees 
| | | | 
15114 | 14 | 10 | 4 _ — |=] 4 29 | 
D/m_ | _—si0,87,-— |S 3,16 0,04 ljig | 119 | 1,19 | 0,68 — | 
Summen: | 4 | 33 | 22 6 | 8 6 | 5 174 | 
Erwartet: 97,85 | 24,46 | 2446 | 8,16 | 8,16 | 8,16 | 2,72 me 
D/m | 059 | 1,86 | O54 | 0,77 | O,o6 | 0,77 | 152 — | 
TABELLE 2. eine von Schwarz: PP CC JJ Gg Bb Vv in F; 
der Kreuzung II. 
id a | Kasta- | Mineral-| Veilchen- ; Mii a 4 | s , " | S | 
Nr. {Schwarz} nien- | braun | violett | h verenl  Bister| a 
| braun iScemassaaed eee, siansenal: | anon | iad | 
| | | : | 
15110/2 | a 4 | 2 4 : 4 2 | — | 15 | 
151104 | 8 2| 1 Pity | — | 15 
15110/14 | 3 -— | 4 ae — | 6; 
15111/15 | 4 4 3 —- | — 1 -- | 12 | 
15111/19 | 9 | 2 3 1 3 1 1 ; ee 17 | 
sij2 | 5 | — 2 «t+ @ c]. os 1 
511147, | 6 | 2) 1 4 ab me] we De 
1511273 | 8 | 2 | 4 — | 8 - | — | 17) 
151129 =| 18 | 3 | 5 1 2 1{ 2 | 32| 
git | 15) 2 | | 1 2; — | 21] 
15112/13 nisi #)] 2 2 2); — | 2] 
15112/19 | wi 6] 7] 1 a 2 1 | 26| 
15112/29 | 0 | 4; 4] 2 et 2 oe 
1511321 | 18 | 2 {| 2/ 1 =~ | * om | 
1511418 | 15 | — | 5 | 2 1 | 4 1 | 28 
or a a i | 
mam | 0 | a4] 8] 4 | 4] — | 24] 
Summen: | 169 | 40 | 48 | 17 | 16 | 26 4 | 320 | 
Erwartet: | 18 | 45 | 4 | 15 | 15 | 15 | 5 | — 
D/m fiir 36:9: | | | | 
eOrsssese1 | “tyes | 0,80 | 0,48 0,53 0,26 | 2,91 0,45 — 











TABELLE 3. 
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| 
| 
| 
| 





| 
| 
| 
| 
| 
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TABELLE 4. 























| Mineral- | iw 

Generation Nr. Schwarz | Kastanien-| braun Bister | Summe 
| | braun | (dunkel) | 

F, 1510/3 2 | 2 | 7 > | = 

» | 15110/8 19» 83 8 > | = 

> | 15111/5 . 1 2 — | 4 

» | 15111/8 7 | 1 | 2 - | 10 

» | 15111/21 3 | 1 2 _ | 6 

» | 15111/29 7 | 1 4 | 1 | 3 

» | 1511143 | 28 =| 11 6 | 3 | 37 

» 1511/44 | 6 | 2 4 | — | 2 

» 61/45 |. 10 | +5 | 5 | 2 | @ 

» | 15112/18 | = | - 4 2); — | 16 

» |} 15112/22 | 28 | 8 | 3 2 | 47 

> 15113/2 10 | 4 | 1 — |} 

> 15113/7 | 13 i ae 1 | 26 

» 15113/13 | 7 . 4 2 2 | 15 

» 15113/23 | 4 > | 1 1 | 8 

» | w1dt | 18 | 5 | 6b 3 | 32 

F, | 10211 | > | = 1 a) 5 

Summen: | — | 197 | 62 | 74 19 | 352 

Erwartet: | — | 198 | 66 | 66 2 | — 
D/m fiir | | | 

9:3:3:1 _ | On | O55 | 1,09 Oe6 | — 


in F, und F, der Kreuzung II. 





Spaltung von Chromgriin—Schwarz: PP CC JJ gg Bb Vv 


Spaltung von Schwarz: PP CC JJ GG Bb Vv in F; 
und F, der Kreuzung I]. 








| 
| 





\Schwarz u.| Veilchen- | 




















Generation | Nr. | (Chrom- | violett | hae Schamois | Summe 
| grin) | (dunkel) | 

| | | 

F, | 15110/25 | 27 7 6 1 | 41 

> | 151112 | 11 1 5 > | 18 

» | 15111/23 | 11 5 6 | 4 26 

» | 15111/31 16 6 > 4 1 26 

» | 15111/32 | 7 - a 1 | 10 

» | 15111/41 | 2 1 1 ae 4 

> | 15112/12 11 1 4 se 16 

» | 15112/16 18 4 10 4 36 

» | 15112/27 uo}; =- 8 =< | 

» | 15113/28 12 | 5 5 3 | 2 

» | 15114/27 . i * |. = & B 

> | 15114/29 4 | i 1 | 6 

F, | 10219 Se . et ee 17 

» | 10234 ns - |; = | ¥ | 18 

Summen: | ws | 9 | «© | 5S |. © | 2% 
ae: | = | the Sse | (5,6 | 17,19 | 
D/m fir | | | | | 

9:3:3:1 | ~- | 0,52 | 1,78 | 0,69 | 0,70 =| -— 








182 HERBERT LAMPRECHT 


TABELLE 5. Spaltung von Schwarz: PP CC JJ Gg Bb VV in F, 
der Kreuzung II. 











f ; Kastanien- Veilchen- : 
Nr. Schwarz “een vioens Summe 
(dunkel) 

| 14 4 3 | 21 
13 CE EE | eee 17 10 3 30 
1S | UU US epeees 12 9 1 | 22 
[5 C |) Eee ee 8 2 1 11 
ES | b-4) CS 6 4 1 11 
SuMMeNn:,......5<.<. o7 29 9 95 
Erwartet: ......... 71,25 17,81 '  -5Byos 

| Dim fur 12:31 3,38 2,93 1,30 — 


TABELLE 6. Spaltung von Schwarz: PP CC JJ Gg BB Vv in F; 
der Kreuzung II. 











Mineral- | 
Nr. 2 Schwarz braun Miinzbronze | Summe 

(dunkel) 

1) | 3) ner 24 2 3 29 

35 | ES, 2 13 7 4 24 

LEE te) See 4 1 1 6 

53 te Sr ra | 3 1 31 

| Summen............. 68 13 9 90 | 
Erwartet: ......... 67,50 16,88 5,62 
D/m fiir 12: 3:1 0,12 1,05 ea7 


TABELLE 7. Spaltung von Schwarz: PP CC JJ GG Bb VV in F; 
und F, der Kreuzung II. 





Kastanien- 








Generation Nr. Schwarz iit Summe 
praun 
Wee see Mnsece ster eead , 15110/1 24 7 31 
Dl contwcaseneinoenserss 15110/30 3 1 f 
Daas -cnmeaseeneeseecee 15112/7 | 8 15 
eS Sa 15112/24 t 1 5 
D Pkcoabecesnpscerersete 15113/19 7 ra 9 
Sy Ie 15114/13 10 5 15 
D sc nuereseeenetersees 15114/17 21 5 26 
ac Oe ecreruke sre ceuceten 10201 20 6 26 
| ole eesaiuepaitipenbicnaens 10202 8 5) 13 
Deer seesipeseenees sero 10210 19 2 21 
| eee cee pebesebesscesce 10212 8 4 12 
| Summen............. - 131 46 177 
| ravartet: :.....- — 132,75 44,25 a 


| D/m fiir 3: 1...... 0,30 so 











TABELLE 8. 
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und I’, der Kreuzung II. 
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Spaltung von Schwarz: PP CC JJ GG BB Vv in F, 





Mineralbraun 








Generation Nr. Schwarz (dunkel) Summe 
1 OF 15110/15 11 3 14 
» 15110/18 6 Z 8 
Dy i Seasaissonstasceetcscusereeous 15111/39 10 y} 17 
» 15111/46 4 3 7 
» 15112/21 21 6 27 
» 15112/28 7 1 8 
Dm Sicivacsdonsececseaceuse aan 15113/25 9 4 13 
Dt Rane eonlenosstesseeneseeeaces 15114/24 3 2 5 
fi eo eassonoeucnamsacee eon rece 10217 17 Zz 19 
Ee eer 10228 18 5 23 
UMMM oo cvexcaccevecsss coe 106 39 141 
| Erwartet: ee —_— 105,75 35,25 
[Dye SSS so cassceeces -— 0,05 — 


TABELLE 9. Spaltung von Schwarz: PP 
der Kreuzung II. 


CC JJ gg Bb VV in F;, 





Veilchenviolett 








Nr. Schwarz (dunkel) Summe 
15110/6 $e instead erate ats 11 5 16 
Re 155) 2) 7 A eee ee a ener a 16 8 24 
| ANOLE a hrs shen esatesesunavs coceas seeeecee noose 3 3 6 
(ee UR ero aR ene eee cneeecen te 8 1 9 
L557 15 eee ve 6 . 8 
Re Cerns 44 63 
BEC) 6 Oa ee ene Saree eee 47,25 | 15,75 
| Diya tar Sel. sc. ccoccwssee: 0,94 -- - 


ng von Schwa 


rz: PP CC JJ gg BB Vv in F; 











TABELLE 10. Spaltu 
und F, der Kreuzung I1. 
Generation Nr. Schwarz Minzbronze! Summe 

Serene ee ere 15110/22 5 1 6 

» 15110/23 8 2 10 

» 15111/17 5 2 7 

Didsiesoseee eee tens ueuetata ee 15111/26 6 4 10 

Jae 10208 17 9 26 
[ABS Cape ir Re Pe 10218 13 6 19 

Dene ad el Go He aera 10220 18 6 24 

» 10222 14 3 17 
| OUBABIONS 000.0520 .0002s- 27 a 86 33 119 
| WP WAGIEUS: oo oc0cscssccescass -- 89,25 | 29,75 — 
) Dimi far S22 <sccsc.35:. | 0,69 = 
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TABELLE 11. Spaltung von Kastanienbraun: PP CC JJ Gg bb Vv 


in wha und iid der a II. 














: : Veilchen- | | | 
| Generation | Nr. Kastanien- violett Bister | Schamois | Summe | 
| braun | ‘ | 
| | (dunkel) | | | 
| | 
C Seonenenee 15111/28 ct = tt € 1 @ 9 
peckeseiks 15111/34 29 | : | @ | @ 48 
Raiininnd 15111/50 22 | 2 5 | 3 32 
Weiakecsiceds 15112/15 22 | 5 6 3 36 
Padkediats 15112/31 ; | 3 ‘| => | @& 
Panis 15113/3 Ss > Fv; ® } 4) @ 
: Dsdtmbincdt 15113/17 i 4 . 4 1 | 2 | 7 
WD dtaseccves 15114/3 vi @t}8&ft] = | Se 
fee | 15114/5 1 | > | : | : | 17 
Beaccckances 15114/6 15 | 6 | - i = | 25 
D svecroseeves| SONNET | 2; -— a 1 3 
i eee 15114/20 | 12 | 5 1 | 1 19 | 
. ae | 10206 | 4} — 2 1 7 | 
Broo | 10230 | 15 | 4 3 2 24 | 
eraeeeee | 10238 | 12 | 6 | 2 1 2 | 
Summen: | — | 198 57 | 48 24 327 | 
Erwartet: | | 183,01 | 61,1 | 61,31 20,44 = | 
| D/m fir | | | 
ses $35 Joe | — 1,57 | 0,61 | 1,89 0,81 — | 








TABELLE 12. Spaltung von Kastanienbraun: PP CC JJ Gg bb VV 


in Ps und “ der —" a. 

















| | 7 i, , ‘Veli i; 
Generation | Nr. | rane | violett | Summe 
| braun | (dunkel) | 

ae. .../ 15110/19 | 2 | 7 | 27 

1 LE ae | 15111/33 | 19 6 | 25 
Rckphissl ictinssecpekatnter an: | 15112/23 2 | 1 3 
i acbbnikerusatia aie 15112/26 | 17 | 6 23 
i scsznenbasceipabaiossbeoniibe 15113/1 | 8 | | 13 

Lota avebua viadctecsia Cimionwceaes 15114/9 34 12 46 

Ee LT eee Re 15114/31 a 10 43 

| Fy. 10232 m4 6 21 
BSc cecetic caster teteeest 10233 16 | 4 20 

| AR saa west 10239 17 | 5 22 | 

| Summen: .. . | 181 | 62 | 243 

| Erwartet: ... 0.0.0.0... _ | 18225 | 60,75 | we 
CL} CObs iT gas eae DIS -- 0,19 _ | — 











TABELLE 13. 





Spaltung von Kastanienbraun: PP CC JJ GG bb Vv 
in F; und F, der Kreuzung II. 





Generation 


Kastanien- | 


Bister 


Summe 








Nr. | braun 

Ae issih cetera Paha sarinteisnica 15110/5 17 7 24 
» 15111/3 | > | 3 11 
I aoseacled ieacaaiectbaanasisaaics 15111/25 | 4 7 21 
i . aindiantedneatentslediek 15113/6 | 19 1 20 
» | 15113/10 | 15 6 21 
I cepacia ecobites | 15114/22 | 35 | 9 44 
a ee | 10227 | 13 | 4 17 
ULI CT) CL 2) | ee _ 121 37 158 
Erwartet: Re 118,50 39,50 _ 
Dye. i be (Lb as ice eee tee eae — 0,37 a= 


TABELLE 14. Spaltung von Mineralbraun: PP CC JJ Gg Bb vv in F; 
und F, der Kreuzung II. 








| 
| 


| 
| 





| 
| 


| Mineral-| yan | _. | | 
Generation Nr | braun | erent | Bister |Schamois; Summe | 
| | (dunkel) | | | 
| | 

ie ccsreetecnncel 15111/6 9 | 2 2 1 14 
& ee eer 15111/42 7 ; @ 2 oa 10 
t avinusumn| a 2; — 5 
siti ccacisieniccndice | 15113/338 | 3 a a 5 
» “| 15114/23 | 18 7 4 | =e 99 
twas) Te | 9 —- |} — | 2 11 
ees: 8 faa i ¥ 1 16 
Summen: ......... | — 57 15 | 14 4 90 
Erwartet: ......... — 50,63 16,87 | 16,87 5,63 — 
D/m fiir 9:3:3:1 —- 1,30 0,77 0,50 0,71 - 


TABELLE 15. Spaltung von Mineralbraun: PP CC JJ Gg BB vv in F; 
und F, der Kreuzung II. 





Generation | 


| Mineralbraun 











Nr. | (danke | Miinzbronze | Summe 
l l 

F, | 15110/27 | 5 1 6 
Dr Ahadeeete teste wee | 15111/12 | 6 | 2 8 
DP. aueusiaeersscrnns| LOMAS | 9 3 12 
Dy Ae ceca eenwesberwersanuees 15112/4 ih 2 9 
Di) ea aecbeseeeeueneseeeees 15112/48 | 25 13 38 
ee ee te oe | 15114/11 | 6 2 8 
Joh we; 10241 14 | 10 24 
ee era Seer | 10247 | 15 | 2 | 17 
ee | — 87 | 35 122 
Erwartet: ............... | = | 91,50 | 30,50 = 
D/m fiir 3:1. ............ — | 0,94 | = ES 
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Spaltung von Mineralbraun: PP CC JJ GG Bb vv in F; 
und F, der Kreuzung II. 














Generation | Nr. ~—— Bister Summe 

Bia: ibe sepnoeucteesssosesse 15110/9 D 2 7 
Do -Gebenccvokeecumeesaecks 15110/11 16 10 26 
Di ehiawawep he kandsexiebis 15113/15 5 2 7 
Rie cnet cease ceieeanaeeee. 10226 13 2 15 
er re 10246 14 8 22 
SUMMER? ..........-. — 53 24 a7 
Erwartet:  s...::2.5.<. — 57,75 19,25 — 
Dim res 2 ...3....3 1,25 


TABELLE 17. Spaltung von Veilchenviolett: 
in F; und F, der Kreuzung II. 


PP CC JJ gg bb Vv 




















Generation Nr. V oo. Schamois Summe 

Weg. chi nsaseceschiiastserees 15111/24 23 5 28 

De ieconctpee si crtat senses 15112/32 20 4 24 
ee ere Terror 15113/8 7 4 11 

Wie Sor torus ee ernecan vere 10203 21 3 24 

Ds) Bicrsscstocnsenpunecene 10204 17 5 oe 

D sGeAvaneRecceenneaesencacs 10235 21 6 27 

De Lcetasauakhsacmenkaaoias 10237 19 5 24 
Dewan ten pastes cher co naeenee 10248 12 2 14 

Dp Li rpueceeteenewsceeasenis 10249 20 ‘| 27 

Din lartretecewersces nesses 10250 15 8 23 

D> pereeecckccetsteceeshee 10251 15 6 21 
ee eee | 10270 19 8 27 
SUMMMEN. ......:0000¢ — 209 63 272 | 
BErwartet: ..c0s0..c<.. - 204 68 _ | 
Dy Tar 324 ..6.3 Ro _ 0,70 | 
TABELLE 18. Spaltung von Minzbronze: PP CC JJ gg Bb vv in F; 

der Kreuzung Il. 

Nr. | Miinzbronze Schamois Summe | 
SERS Reon Peon 13 4 | 17 | 
RD RUBS fcc ve ont den Soboeetastasbers 10 1 H 11 | 
15 (1 Oa ny ne ane ie ee 12 5 | 17 | 
15/5 eye eeege eee 2 2 4 | 
PORURMANITECID ©) cs isooy cancscecanea san ieese 37 12 49 | 
BIVAVANBIORS: fonc5cseeseocsoneceseuseeee 36,75 12,25 — 





| 
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TABELLE 19. Spaltung von Bister: PP CC JJ Gg bb vv in F; und F, 
der Kreuzung II. 











Generation Nr. | Bister Schamois Summe 
FM sida alice ort 15112/10 9 | 4 13 
Opt oe eee Wess emia me tented 15113/18 18 " 25 
BB 25h cecnanenmneeaesssceess 10207 9 2 | 11 
| Summen:  ....cceceee- -- 36 13 49 
MEPWATHELS: cocisivescccass — .- 36,75 12,25 — 
DMI SSD sescsccsssce _ 0,25 | aa _ 


Schamois, dem die Formel PP CC JJ zukommt (siehe Kreuzung 
XII), wird durch die Anwesenheit eines weiteren Faktors, G, in Bister 
umgewandelt. Die Testafarbe von Stella ware demnach durch folgende 
Formel auszudriicken: PP CC JJ GG bbvv. Fir die Testafarbe des 
anderen Elters, Neger, wollen wir einstweilen folgende Konstitution an- 
nehmen: PP CC JJ gg BB VV. Diese Annahme entspricht insofern den 
Spaltungsresultaten in F, als wir bei dieser Konstitution der beiden 
Eltern erstens eine trifaktorielle Spaltung bekommen und dass es zwei- 
tens zu einer Abspaltung von Schamois gefairbten Bohnen kommt, wel- 
cher Farbe die Formel PP CC JJ gg bb vv zukommt. Ausserdem er- 
sehen wir aus F, dass die Ausbildung der schwarzen Testafarbe im vor- 
liegenden Falle von der An- bzw. Abwesenheit des Faktors G unabhangig 
ist. Hier liegt ein schéner Fall von Epi- bzw. Hypostasie vor. Der 
Effekt des Faktors G wird von der Schwarz bedingenden Konstitution 
vollkommen gedeckt. Auf diesen Fall soll spater zuriickgekommen 
werden. 

Eine weitere an den Samen von F, gemachte Beobachtung verdient 
erwihnt zu werden. Unter den 94 Pflanzen mit schwarzen Samen be- 
fanden sich, ausser reinschwarzen mit Ubergingen zu Elfenbeinschwarz. 
11 Pflanzen, bei denen die Samenschale ein glinzendes Chromgriin- 
Schwarz (griinlichblau glanzend) zeigte. Ein weitere, zwélfte Pflanze 
war in dieser Hinsicht zweifelhaft und wurde als Schwarz klassifiziert. 
Ich dachte mir zuerst dass diese Erscheinung auf verschiedenes Aus- 
reifen zurtickzufiihren sei. Wie wir sehen werden, hat sich dann in der 
dritten Generation herausgestellt, dass allen diesen 12 Pflanzen eine 
ganz bestimmte heterozygotische Konstitution zukommt, und zwar 
PP CC JJ gg Bb Vv. In Tabelle 1 (F,) sind die betr. Pflanzen unter 
Schwarz angefiihrt. 

Bei Richtigkeit obiger Annahmen soll den F,-Samen folgende Kon- 
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stitution in bezug auf die Testafarbe zukommen: PP CC JJ Gg Bb Vv. 
Die Spaltung tritt erst an den F;-Samen auf, da die Samenschale bei 
diesen der F,-Generation angehért. Unter Beriicksichtigung nur der drei 
Faktoren in heterozygotischer Dosis erhalten wir folgendes Spaltungs- 
schema. 


r, 


Gg Bb Vv 


Schwarz 


ho 


a 


2 


1 


Spaltung in F, 


GG BB VV 
Gg BB VV 
GG BB Vv 
Gg BB Vv 


Gg Bb VV 


GG Bb Vv 


Gy Bb Vv 


GG Bb VV 


gg BB VV 


2 gg BB Vv 


gg Bb VV 


gg Bb Vv 


GG bb VV 


2 GG bb Vv 


Gg bb VV 


Schwarz 


» 


» 


Chromgriin-Schw. 


Kastanienbraun 


» 





Spaltung in F, 

Konstant 

Konstant 

3 Schwarz:1 Mineral- 
braun 

12 Schwarz:3 Mineral- 
braun: 1 Minzbronze 

12 Schwarz: 3 Kastanien- 
braun: 1 Veilchenvio- 
lett 

9 Schwarz: 3 Kastanien- 
braun: 3 Mineral- 
braun: 1 Bister 

36 Schwarz: 9 Kastanien- 
braun:9 Mineral- 
braun :3 Veilchenvio- 
lett: 3 Miinzbronze: 3 
Bister: 1 Schamois 

3 Schwarz: 1 Kastanien- 
braun 

Konstant 

3 Schwarz:1 Minz- 
bronze 

3 Schwarz:1 Veilchen- 
violett 

9 Schwarz (einschl. 
Chromgrtin-Schwarz): 
3 Veilchenviolett : 3 
Miinzbronze:1 Scha- 
mois 

Konstant + 

3 Kastanienbraun: 1 Bis- 
ter 

3 Kastanienbraun : 1 

Veilchenviolett 
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4 Ggbb Vv Kastanienbraun 9 Kastanienbraun : 3 
Veilchenviolett : 3 Bis- 
ter: 1 Schamois 


1GGBBovv_ Mineralbraun Konstant 

2 GG Bb vv > 3 Mineralbraun : 1 Bister 

2 Gg BB vv > 3 Mineralbraun: 1 Miinz- 
bronze 

4 Gg Bb vv » 9 Mineralbraun : 3 Miinz- 
bronze: 3 Bister:1 
Schamois 

1 ggbb VV _ Veilchenviolett Konstant 

2 gg bb Vv » 3 Veilchenviolett: 1 Scha- 
mois 

1 gg BBvv~ Miinzbronze Konstant 

2 gg Bb vv » 3 Minzbronze:1 Scha- 
mois 

1GGbbovv _ Bister Konstant 

2 Gg bb vv » 3 Bister: 1 Schamois 

1 gg bb vv Schamois Konstant 


Die in F; erhaltenen Spaltungsresultate, die in den Tabellen 2—19 
wiedergegeben sind, stimmen durchweg mit den laut obigem Schema 
zu erwartenden Ergebnissen iiberein. Die dritte Generation ist wahrend 
der Jahre 1929 und 1930 aufgezogen worden, 1930 iiberdies noch eine 
vierte Generation, deren Resultate ganz mit jenen der dritten tiberein- 
stimmen. In der dritten und vierten Generation wurden fiir die Unter- 
suchung der Vererbung der Testafarbe insgesamt 4186 Individuen auf- 
gezogen. Von diesen waren nach F, 1167 in bezug auf die Testafarbe 
konstant geblieben, die tiibrigen 3019 spalteten. 

Laut vorstehendem Schema soll Schwarz — wenn von Chromgriin- 
Schwarz abgesehen wird — in F; in acht verschiedenen Weisen auf- 
spalten. Dies ist auch eingetroffen. Die betreffenden Resultate sind in 
den Tabellen 2, 3 und 5—10 zu finden. Wie aus diesen ersichtlich ist, 
geben die Werte fiir D/m mit Ausnahme der Spaltung in Tab. 5 
durchweg statistische Sicherheit an. Ob die Spaltung von Schwarz 
PP CC JJ Gg Bb VV (Tab. 5) wirklich nach dem Verhialtnis 12 Schwarz 
:3 Kastanienbraun : 1 Veilchenviolett erfolgt oder ob hier auf Grund 
von (schwacher) Koppelung bzw. einer anderen Komplikation mit einem 
abweichenden Verhaltnis zu rechnen ist, lasst sich an der Hand des 
geringen hierfiir vorliegenden Materials nicht entscheiden. Diese Frage 
soll zum Gegenstand einer besonderen Untersuchung gemacht werden. 
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Die Spaltung von Chromgriin-Schwarz in F, beweist erst die oben 
angenommene Konstitution. Diese erscheint nun sicher, da die Nach- 
kommen solcher Samen niemals eine andere Spaltung gezeigt haben. 
Ausserdem sind keine konstant bleibenden chromgriin-schwarzen Samen 
erhalten worden. Von den iibrigen schwarzsamigen Pflanzen wurden 
in F, 325 Individuen mit konstant schwarzen Samen bekommen. 

Auch die Aufspaltungen der Testafarben Kastanienbraun, Mineral- 
braun, Veilchenviolett, Miinzbronze und Bister erfolgte in voller Uber- 
einstimmung mit obigem Schema. Die Werte fiir D/m sind in allen 
diesen Fallen unter 2,0 gelegen (siehe Tabelle 11—19). Die Anzahl von 
Pflanzen mit konstanter Testafarbe betrug in F, fiir die verschiedenen 
Farben: Kastanienbraun 154, Mineralbraun 92, Veilchenviolett 55, Bister 
156 und Miinzbronze 124. Mit der Farbe Schamois wurden — wie 
erwartet — nur Pflanzen mit konstant gefarbten Samen (251) erhalten. 


KREUZUNG NR. IV. TESTAFARBE BISTER « SCHWARZ. 


Als Eltern zu dieser Kreuzung wurden zwei reine Linien benutzt: 
L. 25, eine reine Linie aus »Braune Bohne» mit Bister Testafarbe sowie 
L. 24, eine reine Linie aus der in Schweden recht gebriuchlichen Wachs- 
bohne »Merveille du Marché» mit rein schwarzen Samen. Beide Linien 
sind typisch niedrig. Die Bliitenfarbe von L. 25 ist blass Kaeliafarbig, 
die von L. 24 hell Bischofsviolett. Die Hiilsenfarbe von L. 25 ist mittel- 
griin, die von L. 24 gelb wie bei Neger, 0850, in Kreuzung II. Beide 
Linien haben glinzende Samenschale. 

Kreuzungen zwischen diesen-beiden Linien wurden in beiden Rich- 
tungen im Jahre 1928 und 1929 ausgefiihrt. Wie aus Obenstehendem 
hervorgeht, stimmen die Eigenschaften Testafarbe, Bliitenfarbe und 
Hiilsenfarbe der zur Kreuzung IV verwendeten Linien mit jenen der 
Eltern von Kreuzung II iiberein. In F, wurden auch hinsichtlich dieser 
Eigenschaften ganz gleiche Resultate erhalten wie in Kreuzung II. So 
dominierte in F, die Bliitenfarbe Bischofsviolett anscheinend vollkom- 
men tber Laeliafarbig, die Hiilsenfarbe Griin anscheinend vollkommen 
iiber Gelb und die schwarze Testafarbe tiber Bister. In F, wurde in 
bezug auf die Testafarbe genau die gleiche trifaktorielle Spaltung kon- 
statiert wie in Kreuzung II. Bei einer Umrechnung der Spaltungszahlen 
auf die Kombinationszahl 64 wurde erhalten: 36,5 Schwarz (einschl. 
Chromgriin-Schwarz) : 8,0 Kastanienbraun : 9,20 Mineralbraun : 2,60 
Veilchenviolett : 2,30 Miinzbronze : 3,60 Bister : 0,90 Schamois, was gut mit 
dem theoretischen Verhaltnis 36:9:9:3:3:3:1 iibereinstimmt. Die 
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TABELLE 20. F, der Kreuzung IV: L. 25, Bister X L. 24, Schwarz. 
(D/m berechnet fiir das theoretische Spaltungsverhaltnis 36:9:9:3:3:3: 1.) 





Kasta- Mineral- | Veilchen- 
Nr. | Schwarz nien- braun violett 
| |braun (dunkel) | (dunkel) 


1 


Miinz- 


'Bister |Schamois Summe 
bronze 








10331 | 16 2 5 1 0 2 1 27 
D/m 0,30 0,99 0,66 0,24 1,15 | 0,67 0,91 
10332 1 0 0 0 1 2 0 4 
D/m 1,25 0,81 0,81 0,45 1,93 4,30 0,25 — 
10333: 25 | 4 6 1 fee! 3 1 40 
D/m 0,80 0,74 0,17 0,65 1,40 | 0,85 0,47 - 
10334 2T 10 8 4 4 3 2 58 
D/m 19S s(O 69 0,06 0,80 0,80 0,17 1,14 -- 
10335 15 0 3 1 0 1 0 20 
D/m 1,69 1,81 0,12 0,06 0,99 | 0,06 0,58 — 
10336 15 oS 4 1 1 1 0 a7 
D/m 0,08 | 0,66 0,11 (0,24 0,24 | 0,24 0,65 -- 
10337 12 8 Ss | 8 2 3 0 33 
D/m 2,30 1,67 0,18 1,20 0,38 1,20 0,73 
10338 34 4 | 8 0 Ai 1 0 50 
D/m =| 1,67 1,23 039 | 1,57 0,414 | 0,90 0,89 — 
10339 30 5 6 | 2 1 2 0 46 
D/m 1,23 0,62 = 0,19 0,11 0,81 0,11. | 0,86 — 
10340 42 i; @, 4 1 3 69 
Dim |; 0,77 | 1,14 1,28 1,27 1,27 1,57 1,05 
(15) 5 aS i | Cs (eS 9 4 3 2 2 57 
Dim | 0,56 =| _:s«(OOz38 0,38 0,84 0,20 | 0,2 | 1,20 = 
10342 12 a 4 | 0 1 0 0 20 
D/m 0,34 0,12 0,77, | ~ 0,99 0,06 | 0,99 0,56 — 
10343 o2|ssi 7 2 1 2 0 40 
Dim One —s«O8 0,66 0,09 =| O,66 | 0,09 0,80 — 
10344 | 14 DS | 5 z 2 1 0 29 
D/m 0,87 0,50 0,50 0,56 0,56 | 0,32 (),67 — 
10345 30 3 1 0 2; 38 40 
| Dim =| —_2,39 1,19 2,10 1,40 0,10 | 0,85 0,47 : 
10346 3 1 2 1 0 3 0 10 
D/m | 1,67 0,36 0,54 0,79 0,70 | 3,77 0,40 — 
10347 19 6 | 11 1 a ot 1 42 
D/m | 1,44 | 0,04 2,26 0,71 0,75 0,71 0,42 — 
10348 | 18 2 2 | oe il) ae 0 1 28 
Dim O86 1,05 105 | 0,62 1,51 | 1,17 0,85 == 
|Summen: | 365 84 | 92 26 | 28 | 36 | 9 640 
| Erwartet: | 360 90 90 30 | 30 | 30 10 ~ 
| D/m fir 36: | | | 
| 3O2O23:3: | | | | | 
13:1 Peteteeke 0,10 =| «0,68 0,23 | 0,75 | 0,37 | 1,12 | 0,32 — 
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TABELLE 21. 





F, der Kreuzung CIII: L. 25, Bister X L. 26, Schwarz. 
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(D/m berechnet fiir das theoretische Spaltungsverhiltnis 9:3: 3: 1.) 


















































Mineral- 




















Nr. Schwarz | — | braun | Bister Summe 
aun | (dunkel) 
10301 8 3 2 0 13 
D/m 0,36 | 0,40 0,31 0,93 _— 
10302 23 7 3 3 36 
D/m 0,93 0,11 1,60 0,52 — 
10303 17 8 7 1 a8! 
D/m 0,55 0,81 | 0,36 0,76 —_ 
10304 17 | 4 | 3 1 | 2 
D/m 1,18 | 0,35 0,87 0,47 = 
10305 16 3 3 1 23 
D/m 1,29 0,70 0,70 0,38 | it 
10306 | 35 6 | 5 3 | 49 
D/m | 2,14 1,17 | 1,53 | 0,04 | ee 
10307 | 25 5 7 | 3 | 40 
D/m | 0,80 1,01 0,20 | 0,33 | vn 
10308 21 11 | 12 | 2 46 
D/m 1,45 0,90 | 1,27 | 0,53 = 
10309 =| S28 t | © + @ 28 
D/m 2,75 2,06 1,09 | 0,59 — 
10310 20 4 0 | 1 25 
D/m 2,39 | 0,35 2,40 | 0,46 = 
10311 | 0 | 1 0 0 1 
D/m | 1,12 | 2,02 0,48 0,30 — 
10312. 19 | 6 4 2 31 
D/m 0,57 | 0,09 0,83 | 0,04 | = 
10313 36 | 10 | 7 | 2 55 
D/m | 1,38 0,11 1,14 | 0,80 — 
103140 | eh $C > 7 & 37 
D/m 1,06 1,66 | 0,03 | 0,47 se 
10315 | | 4 1 1 13 
D/m | 0,17 1,11 | 1,02 0,22 — 
10316 | 29 9 12 2 52 
D/m | 0,07 0,27 0,80 0,67 — 
10317 | 17 6 6 2 31 
D/m 0,14 0,08 0,08 0,04 _ 
10318 | 31 7 12 5 55 
D/m | 0,02 1,14 0,58 0,87 — 
10319 32 8 3 4 47 
D/m | 1,64 0,30 2,18 0,64 — 
10320 30 | 7 14 6 57 
D/m | 
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| Kastanien- — 
| Nr. Schwarz iti | braun Bister Summe 
| (dunkel) | 
| 10321 35 5 | 4 | 5 49 
D/m 2,14 1,53 | 1,90 1,15 oo 
10322 8 1 2 1 12 
D/m 0,73 0,93 0,19 0,30 — 
10323 8 3 1 2 14 
D/m (0,08 0,25, 1,12 1,22 ~~ 
10324 16 1 3 1 15 
| D/m 0,81 1,20 0,13 | 0,06 
| 10325 12 4 3 3 22 
| D/m | 0,16 0,07 0,61 | 1,43 | — 
~Summen: ...| 503 | 127 | 124 | 55 809 
| Erwartet: ...' 455,06 151,69 151,69 | 50,56 — 
| D/m fir9:3: 
3S) heen 3,38 2,22 | 2,50 0,65 — 


gesamte Individuenanzahl in F, betrug 640. Der héchste Wert fiir D/m 
fir obige Spaltungszahlen erreichte 1,12. Im iibrigen vergleiche Tabelle 
20, in der auch die Werte von D/m fiir die Nachkommen jedes F;,- 
Individuums angegeben sind. 

Da wir in Kreuzung Nr. IV in bezug auf die Testafarbe zweifellos 
ganz dieselben Spaltungsverhiltnisse vor uns haben wie in Kreuzung 
Nr. II, glaube ich von einer weiteren Erérterung derselben Abstand 
nehmen zu kénnen und verweise diesbeziiglich auf die Besprechung 
der letztgenannten Kreuzung. 


KREUZUNG NR. CIII. TESTAFARBE BISTER k SCHWARZ. 


Als Eltern zu dieser Kreuzung wurden gleichfalls zwei reine Linien 
benutzt, von denen die eine identisch mit der in Kreuzung Nr. IV er- 
wiahnten »Braunen Bohne» ist, also L.25. Die zweite Linie, L. 26, 
stammt, wiederum wie in Kreuzung Nr. IV, aus der Wachsbohne » Mer- 
veille du Marché». Die in letzterer Kreuzung verwendete Linie aus 
»Merveille du Marché», L. 24, ist phanotypisch anscheinend in allen 
Hinsichten mit L. 26 identisch. Ich verweise daher hier auf die kurze 
Beschreibung unter Kreuzung Nr. IV. Die Kreuzungsergebnisse haben 
indessen dargetan, dass zwischen diesen beiden Linien (L. 24 und L. 26) 
hinsichtlich der Testafarbe ein genotypischer Unterschied vorhanden ist. 

Die Kreuzungen wurden auch hier in beiden Richtungen in den 

Hereditas XVI. 13 
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Jahren 1928 und 1929 ausgefiihrt. In F, wurden in bezug auf Testa-, 
Bliiten- und Hiilsenfarbe ganz dieselben Beobachtungen gemacht wie 
in den beiden oben besprochenen Kreuzungen Nr. II und IV. Es domi- 
nierte also die griine Hiilsenfarbe iiber die gelbe, die schwarze Testa- 
farbe tiber Bister und die dunklere Bliitenfarbe Bischofsviolett tiber die 
hellere Laeliafarbig. 

Die auf F, erhaltenen Samen zeigten in bezug auf die Farbe der 
Samenschale die in Tabelle 21 mitgeteilten Spaltungsresultate. Wie aus 
dieser Tabelle ersichtlich wurde annihernd folgendes_ theoretisches 
Spaltungsverhiltnis erhalten: 9 Schwarz : 3 Kastanienbraun : 3 Mineral- 
braun : 1 Bister. Wir haben also hier zum Unterschied von den frither 
besprochenen Kreuzungen Nr. II und IV nach Kreuzung von bister 
schwarze Testafarbe eine bifaktorielle Spaltung erhalten. Zweifellos 
besitzen hier beide Eltern den Faktor G. Dann erscheint ja eine Aus- 
spaltung der Testafarben Veilchenviolett, Miinzbronze und Schamois 
ausgeschlossen. Wir erhalten also fiir die beiden Elternlinien folgende 
Formeln: 


L. 25: PP CC JJ GG bb vv, 
L. 26: PP CC JJ GG BB VV. 


Bei Umrechnung der in F, tatsachlich erhaltenen Spaltungszahlen 
auf die Kombinationszahl 16 fiir eine bifaktorielle Spaltung bekommen 
wir: 9,95 : 2,51: 2,45: 1,09. Es ist also hier ein gewisses Defizit fiir die 
Farben Kastanienbraun : Mineralbraun vorhanden. Dies wiirde fiir eine 
schwache Koppelung zwischen den Faktoren B und V sprechen. Bei 
Betrachtung der Zahlen in Tabelle 3, die dieselbe bifaktorielle Spaltung 
von Schwarz PP CC JJ GG BbVv in F; und F, der Kreuzung Nr. II 
wiedergibt, finden wir indessen kein solches Defizit. Es mag daher 
zweifelhaft erscheinen ob man es hier wirklich mit einer schwachen 
Koppelung oder einer anderen Komplikation zu tun hat. Jedenfalls ist 
das vorliegende Material zu einer sicheren Beantwortung dieser Frage 
ganz ungeniigend. Diese Frage soll in einer speziell hierauf abzielenden 
Kreuzung aufgegriffen werden. 

In bezug auf die vorliegende Kreuzung Nr. CIII soll schliesslich 
noch folgendes erwahnt werden. Es wurden, wie zu erwarten war, keine 
Samen mit chromgriin-schwarzer Testafarbe erhalten. Dieser kommt 
ja, wie friiher nachgewiesen worden ist, die Formel PP CC JJ gg Bb Vv 
zu, die hier — da beide Eltern den Faktor G besitzen — nicht erhalten 
werden konnte. Dies bildet eine weitere Bestatigung der oben fiir die 
verschiedenen Testafarben angenommenen genotypischen Konstitution. 
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SPONTANE KREUZUNGEN MIT SCHWARZSAMIGER 
MUTTERSORTE. 


Unter den zahlreichen spontanen Bohnenkreuzungen, deren Auf- 
spaltungen ich in den Jahren 1927—1929 untersucht habe, befanden 
sich auch solche, die in der schwarzsamigen Sorte Flageolet Wachs 
angetroffen worden sind. Die Firma W. WEIBULL, Landskrona, hat 
mir in entgegenkommender Weise eine gréssere Menge Samen iiber- 
lassen, die aus mehreren Tausend kg der genannten Sorte wegen mehr 
oder weniger abweichender Testafarbe ausgelesen worden sind. Unter 
diesen befanden sich teils missfarbige schwarze Samen, teils solche 
mit den Farben Kastanienbraun, Mineralbraun, Veilchenviolett, Miinz- 
bronze, Bister und Schamois. Diese Farbenreihe entsprach also gerade 
der in meinen Kreuzungen Nr. II und IV erhaltenen. Beim Anbau dieser 
Samen wurden Spaltungen beobachtet, die wir in F; und F, von Kreu- 
zung II gefunden haben. Die erhaltenen Spaltungszahlen waren meistens 
klein, doch zeigten sie durchweg gute Ubereinstimmung mit jenen von 
Kreuzung II. Unten werden einige solche Spaltungsverhaltnisse mit- 
geteilt, wobei in Klammern die Nr. der Tabelle angegeben wird, in der 
die entsprechende Spaltung fiir F, bzw. F, von Kreuzung II zu finden ist. 


33 Schwarz- und Chromgriin-Schwarz : 9 Veilchenviolett : 5 Miinz- 
bronze : 2 Schamois (Tab. 4). D/m fiir 9:3 :3 : 1 = 1,56, 0,07, 1,53, 0,64. 

66 Schwarz : 26 Kastanienbraun (Tab. 7). D/m fiir 3 : 1 = 0,7. 

21 Schwarz: 11 Mineralbraun (Tab. 8). D/m fiir 3 : 1 = 1,6. 

22 Schwarz :7 Veilchenviolett (Tab. 9). D/m fiir 3 : 1 = 0,11. 

19 Mineralbraun : 5 Miinzbronze (Tab. 15). D/m fiir 3 : 1 = 0,17. 

20 Bister : 6 Schamois (Tab. 19). D/m fiir 3 : 10,12. 


Auf Grund der oben angefiihrten Ergebnisse ist es wahrscheinlich, 
dass wir es im vorliegenden Falle mit der fortgesetzten Spaltung eines 
Bastarden der Formel PP CC JJ Gg Bb Vv in F;, Fy u. s. w. zu tun 
haben. Ob der Sorte Flageolet Wachs fiir die Testafarbe die Formel 
PP CC JJ ggBBVV oder PPCCJJGGBBVV zukommt, kann auf 
Grund obiger Resultate nicht sicher entschieden werden. Ist die Kreu- 
zung mit einer »Braunen Bohne» mit der Testafarbe Bister erfolgt, dann 
haben wir mit der ersten Formel zu rechnen, was wohl das wahrschein- 
lichste ist, da Braune Bohnen haufig gebaut werden. Andererseits ist 
nicht ausgeschlossen, dass eine Kreuzung mit einer Schamois gefarbten 
Sorte, von denen es ja mehrere im Handel gibt, stattgefunden hat. 
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KREUZUNG NR. XII. TESTAFARBE ROHSEIDENGELB x 
GESCHWEFELTES WEISS. 


Als Eltern zu dieser Kreuzung wurden zwei reine Linien, L. 27 und 
L. 29 verwendet. L. 27 stammt aus der franzésischen Sorte »de Digoin», 
L.29 aus »de la Chine». Beide Eltern haben typisch niedrigen Wuchs 
und weisse Bliitenfarbe. L.27 ist eine Wachsbohne mit deutlich ge- 
kriimmten Hiilsen. Die Samen dieser Linie sind rohseidengelb mit bister 
Hilumrand und haben einen mehr oder weniger deutlichen grauen 
Streifen tiber der Radicula (ausgehend von der Mikropyle) und sind 
gliinzend. L. 29 hat gerade Hiilsen von mittelgriiner Farbe. Die Testa- 
farbe dieser Linie ist Geschwefeltes Weiss. Der Hilumrand ist weiss. 
Die Samenschale dieser Linie ist hiufig mehr oder weniger matt. Hier 


soll nur die Vererbung der Testafarbe — ohne Berticksichtigung des 
grauen Streifens — behandelt werden. 


Kreuzungen zwischen diesen beiden Linien sind wihrend den 
Jahren 1928 und 1929 in beiden Richtungen ausgefiihrt worden. Das 
hier mitgeteilte Material betrifft F, der beiden Jahre 1930 und 1931, 
zusammen 1289 Individuen, sowie F; des Jahres 1931. Die Spaltungs- 
resultate in F, sind in Tabelle 22, diejenigen in F, in Tabelle 23 zu- 
sammenfassend wiedergegeben. 

An F, konnte folgendes beobachtet werden. Es wurden durchweg 
typisch niedrige, weissbliihende Pflanzen erhalten. Es dominierte die 
Hiilsenfarbe von L. 29, Griin, anscheinend vollkommen iiber die gelbe 
Hiilsenfarbe von L. 27. Die auf F, erhaltenen Samen hatten durchweg 
marmorierte Samenschale, und zwar Schamois auf Rohseidengelb. Die 
Samenformen der F,-Samen zeigten eine gewisse Variation, die indessen 
bedeutend geringer war, als man auf Grund des Unterschiedes in der 
Samenform zwischen den beiden Eltern hatte erwarten k6nnen. 

Die auf F, erhaltenen Samen zeigten betreffs der Testafarbe eine 
klare bifaktorielle Spaltung. Die in Tabelle 22 hierfiir mitgeteilten 
Zahlen stimmen gut mit dem theoretischen Verhaltnis 9 Schamois : 3 
Rohseidengelb : 3 Geschwefeltes Weiss : 1 Weiss. Die entsprechenden 
auf die Kombinationszahl 16 berechneten Zahlen sind 8,65 : 3,26 : 2,91 : 1,18. 
Die fiir D/m erhaltenen Werte liegen sémtlich unter 2, zeigen demnach 
statistische Sicherheit an. 

Wie aus dem Kopf von Tab. 22 zu entnehmen ist, wurden die 
Zahlen fiir die marmorierten mit jenen der entsprechenden einheitlich 
gefarbten vereinigt. Dies geschah da die Frage nach der Vererbung der 
Marmorierung in dieser Arbeit keinem eingehenderen Studium unter- 
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Geschwefeltes Weiss. 
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F, der Kreuzung XII: L. 27, Rohseidengelb * L. 29, 





| Schamois ein- 


| 


Geschwefeltes | 
Weiss einfar- | 





| farbig und Bais = ‘a 
Nr. |Schamois/Roh-| eae | _ _ ; Weiss « Summe 

ae gelb Geschwefeltes 

, a | Weiss/ Weiss 

| | marmoriert | 
10631 5 3 1 | 9 
10632 11 1 1 | 13 
10633 2 1 _ | 3 
10634 2 - 1 — | 3 
10635 20 10 7 1 38 
10636 4 1 — — 5 
10637 4 4 - 8 
10638 16 4 7 r-4) 
10639 3 2 1 1 7 
10640 13 1 if 3 24 
10641 1 ~~ 2 . | 3 
10642 1 2 7 2 | 12 
10643 6 1 2 9 
10644 17 6 4 - 27 
10645 Fi 5 3 2 7 
10646 5 3 3 = 11 
10647 2 3 1 = 9 
10648 8 4 3 1 16 
10649 7 2 5 2 16 
10650 5 ; 4 9 
10651 4 1 1 2 8 
10652 16 2 7 2 27 
10653 3 1 — = 4 
10654 9 3 1 1 14 
10655 8 4 2 = 14 
10656 6 9 2 2 19 
10657 7 + 3 3 Le 
10658 4 4 4 1 o 
10659 9 3 4 1 17 
10660 17 1 2 = 20 
10661 5) 1 1 1 8 
10662 14 5 9 2 30 
10663 5 —- 1 me 6 
10664 5 6 4 1 16 
10665 20 4 o 1 28 
10666 4 —- 1 2 - 
10667 5 3 8 
10668 9 6 1 1 17 
10669 5 1 1 ‘t 
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| it initia tiles | Geschwefeltes | 
| i Ss be ] Tot : | 
4 Weiss einfar- | 


| farbig und 








Nr. 'Schamois/Roh- ema big — : | Weiss | Summe 
sediainglte gelb | Geschwefeltes | 
marenortert ee) 
marmoriert 
10670 7 — 1 | — 8 
10671 4 6 3 | 17 
10672 18 8 2 1 29 
10673 20 12 4 2 38 
10674 | 2 1 2 : 5 
10675 14 7 5 5 31 
10676 4 2 3 1 10 
10677 10 6 3 6 25 
10678 | 5 4 4 1 14 
10679 2 3 3 ‘a 8 
10680 9 4 1 sae 14 
10681 | » | 2 6 2 13 
10682. 15 5 3 2 25 
10683 | 2 | 2 1 a 5 
10684 | _ | 5 1 2 8 
10685 | 8 16 8 2 34 
10686 1 | a 1 ~- 4 
| 10687 5 | 3 1 | 1 10 
| 10688 6 | 4 1 | 1 12 
| 10689 13 7 2 1 | 23 
10690 8 | 1 5 1 15 
10691 16 SCS 6 | 6 os aa 
11711 | 13 15 6 3 37 
11712 14 3 1 1 19 | 
11713 | 8 5 9 1 23 
11714 | 19 3 7 | 3 32 
1715 | 19 12 6 2 39 | 
11716 15 12 10 1 38 
11717 | 22 9 2 4 37 
| 1718 | 18 - 4% 3 3 27 
| 11719 17 10 | 5 3 35 
11720 | 15 | 5 | mi ag 5 31 | 
| 11721, 17. | 8 6 | 2 3 
| 11722 13 1 | 4 | 1 19 
/Summen: ...| 696 | 23 | 235 | 95 1289 | 
| Erwartet: ...| 72450 | 241,95 | 24195 | 80,60 me 
|Dim fir | | | | 
[e852 yer eee | 1,57 | 1,50 0,50 | 1,64 | - 


zogen werden soll. Werden die in Rede stehenden marmorierten Ty- 
pen von den entsprechenden ganzfarbigen getrennt, erhalt man die 
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folgende Verteilung der 1289 F,-Individuen : 215 Schamois : 481 Schamois/ 
Rohseidengelb marmoriert : 263 Rohseidengelb: 74 Geschwefeltes Weiss : 
161 Geschwefeltes Weiss/Weiss marmoriert:95 Weiss, welches Verhaltnis 
gut mit dem theoretischen Verhaltnis 3:6:3:1:2:1 tbereinstimmt. Bei 
einer Umrechnung der erhaltenen Zahlen auf die Kombinationszahl 16 
resultiert nimlich folgende Proportion: 2,67: 5,95: 3,27: 0,92: 2,00: 1,18. Auch 
liegen alle Werte fiir D/m unter 2 (der héchste Wert hat 1,91 betragen). 

Hier soll eine gewisse Schwierigkeit bei der Beurteilung der Testa- 
farbe in vorliegender Kreuzung erwahnt werden. Wie schon im Kapitel 
liber die hier spaltenden Testafarben angefiihrt worden ist, kOnnen 
schlecht ausgereifte Samen von Rohseidengelb leicht mit schlecht aus- 
gereiften Samen von Schamois verwechselt werden und umgekehrt. Ich 
habe hier, um einen eventuellen Einfluss solcher fehlerhafter Beurteilung 
festzustellen, eme Berechnung der Spaltungszahlen nach den gleichen 
Prinzipien wie in Tab. 22, jedoch nur mit solchen Nummern ausgefiihrt, 
in denen gar keine schlecht ausgereiften Samen vorgekommen sind. 
Hierbei wurde folgendes Verhaltnis erhalten: 364 Schamois : 123 Roh- 
seidengelb : 131 Geschwefeltes Weiss : 44 Weiss. Berechnet auf 16 re- 
sultiert das Verhaltnis 8,80 : 2,98 : 3,16: 1,06. Wahrend in Tab. 22 die 
Werte fiir D/m zwischen 1,61 und 0,50 variierten, liegen sie hier zwischen 
0,68 und 0,11, also eine viel bessere Annaherung an das erwartete Verhalt- 


nis 9:3:3:1 anzeigend. Dieser Umstand spricht dafiir dass die im 
ersteren Falle héheren Werte fiir D/m ausschliesslich auf Schwierig- 
keiten bei der Beurteilung von schlecht ausgereiften Samen zuriickzu- 


fiihren sind. 

Offenbar dirfte schon die in F, konstatierte Spaltung geniigen um 
die Genenkonstitution fiir die Testafarben der beiden Elternlinien 
angeben zu kénnen. Da_ beide Linien gefirbte Samenschale haben, 
miussen sie den Grundfaktor fiir die Ausbildung von Farbe, P, enthalten. 
Die eine Elternlinie enthalt einen Farbenfaktor, C, fiir Geschwefeltes 
Weiss, die andere einen Farbenfaktor, J, fiir Rohseidengelb. Die Formel 
fiir den Bastarden sollte demnach sein: PP Cc Jj. Durch das Zusam- 
menwirken von € und J kommt es zur Ausbildung einer dritten Farbe: 
Schamois. Der Bastard erwies sich als marmoriert: Schamois auf 
Rohseidengelb. Die Spaltung in F, zeigt, dass der eine der beiden Farben- 
faktoren, namlich C, in heterozygotischer Dosis die Marmorierung der 
Testa bedingt. Dass der andere Faktor J in heterozygotischer Dosis 
keine Marmorierung verursacht geht daraus hervor, dass keine Marmo- 
rierten Rohseidengelb/Weiss ausgespaltet haben. Samen nur mit dem 
Grundfaktor P haben weisse Testa. 












$cc JZ 


Ce Jj 2 Ce JJ 


Schamois/ 4 Ce Jj 
Rohseiden- 
gelb mar- 
moriert 
ce SS 
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Lee jj 






Spaitung in F, 
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Die oben auf Grund der Spaltung in F, angenommenen Konstitutio- 
nen sind durch die Ergebnisse in der dritten Generation durchweg ein- 
wandfrei bestitigt worden (siehe Tabelle 23). Der Ubersichtlichkeit 
halber teile ich hier ein Spaltungsschema mit, wobei nur die beiden 
spaltenden Farbenfaktoren C und J beriicksichtigt werden. 


1 CC JJ Schamois ein- 


farbig 

Schamois ein- 
farbig 
Schamois, 
Rohseiden- 
gelb marmo- 
riert 
Schamois/ 
Rohseiden- 
gelb marmo- 
riert 


Rohseidengelb 
Geschwefeltes 
Weiss 
Geschwefeltes 
Weiss/Weiss 
marmoriert 
Weiss 


Die in F, erhaltenen Spaltungszahlen stehen durchgehend in Uber- 
einstimmung mit obigem Spaltungsschema. Diese Spaltungsergebnisse 
haben ihr ganz besonderes Interesse durch die Ausspaltung der weissen 
Samen, die in einwandfreier Weise dartun, dass der Grundfaktor P an 
und ftir sich keine Fdrbung der Testa verursacht. Die hier erhaltenen 
weissen Samen, die demnach ausser dem Grundfaktor P keinen anderen 
Farbenfaktor enthalten diirften, werden ein Kreuzungsmaterial von 
grosster Bedeutung fiir die weitere Aufklarung der Genenkonstitution 
verschiedener Testafarben liefern. 
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Spaltung in F, 











Konstant 





3 Schamois: 1 Geschwefeltes 
Weiss 

1 Schamois : 2 Schamois/Rohsei- 
dengelb marmoriert : 1 Rohsei- 
dengelb 







3 Schamois : 6 Schamois/Rolisei- 
dengelb marmoriert : 3 Rohsei- 
dengelb: 1 Geschwefeltes Weiss: 
:2 Geschwefeltes Weiss/Weiss 
marmoriert : 1 Weiss 

Konstant 

3 Rohseidengelb: 1 Weiss 

Konstant 










1 Geschwefeltes Weiss : 2 Ge- 
schwefeltes Weiss/Weiss mar- 
moriert: 1 Weiss 

Konstant 
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DISKUSSION EINIGER RESULTATE FRUHERER FORSCHER 
IM LICHTE DER HIER VORGELEGTEN 
KREUZUNGSERGEBNISSE. 


Bevor ich an die Besprechung von Kreuzungsresultaten schreite, die 
hinsichtlich verschiedener Farben mit den hier vorgelegten Daten in 
Einklang gebracht werden k6énnen, sollen die bisherigen Auffassungen 
liber den Grundjaktor fiir die Ausbildung von Testafarbe zusammen- 
fassend er6értert werden. 

Die ersten Arbeiten, die fiir das Vorhandensein eines Grundfaktors 
sprechen, sind die von VON TSCHERMAK (1902 und 1904). In diesen 
wurde festgestellt, dass bei Kreuzung von weissen Bohnen mit pigmen- 
tierten in F, stets eine Spaltung von 3 Pigmentiert : 1 Weiss stattfand, 
wobei die pigmentierten selbst in mehrere Farben spalten konnten. Dieses 
Spaltungsresultat deutet darauf hin, dass es ausser einem oder mehreren 
Farbenfaktoren einen Faktor geben muss — den Grundfaktor —, bei 
dessen Abwesenheit es iiberhaupt nicht zu einer Ausbildung von Testa- 
farbe kommen kann. Weiteres iiber den Grundfaktor fiir Testafarbe ist 
aus diesen Arbeiten VON TSCHERMAKs nicht zu entnehmen. 

Die ersten Arbeiten von EMERSON (1902 und 1904) enthalten nichts 
iiber einen Grundfaktor fiir die Ausbildung von Farbe in der Samen- 
schale. 

SHULL hat in seinen Arbeiten (1907 a, 1907 b und 1908) die An- 
wesenheit von »latenten Charakteren» (Farbenanlagen) in weissen 
Bohnen konstatiert. SHULL, dessen Arbeiten von 1907 b und 1908 schon 
im Sinne der Faktorenlehre geschrieben sind, nimmt nun an, dass sich 
diese (latenten) Anlagen infolge des Fehlens eines Grundfaktors fiir die 
Ausbildung von Testafarbe nicht 4ussern, und verwendet als erster als 
Symbol fiir dieser den Buchstaben P (1907 b, S. 829). SHULL hat gleich- 
wie VON TSCHERMAK eine Spaltung von 3 Pigmentiert: 1 Weiss gefunden, 
wobei Pigmentiert selbst in mehrere Farben gespaltet hat. SHULL stellt 
fiir die verschiedenen ausspaltenden Samenfarben Formeln auf, aus de- 
nen hervorgeht, dass der Grundfaktor P nicht nur Bedingung fiir die 
Bildung von Pigment iiberhaupt sein soll, sondern dass dieser iiberdies 
eine hellbraune oder gelbe Farbe der Samenschale verursacht. Das ist 
aber nur eine Annahme, denn ein Beweis hierfiir kann in den genannten 
Arbeiten von SHULL nicht gefunden werden. Es kénnen ja beide von 
ihm verwendeten Elternsorten einen gemeinsamen vierten Faktor (oder 
mehrere solche) fiir das erwahnte Hellbraun besessen haben. Auch dann 
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wird SHULLs P b m hellbraun, wahrend gleichzeitig an den Spaltungs- 
verhaltnissen der tibrigen Testafarben nichts geaindert wird. 

Diese Vermutung SHULLs, dass der Grundfaktor P selbst eine hell- 
braune-gelbliche Testafarbe verursacht, finden wir spater von verschie- 
denen Verfassern ohne Kritik ttibernommen, bis sie schliesslich — wie 
wir sehen werden — in der Literatur als »konstatiert» figuriert. 

EMERSON (1909) findet gleichfalls dass Pigmentiert iiber Weiss do- 
miniert und dass in allen Kreuzungen zwischen Weiss und Pigmentiert 
in F, eine Abspaltung von '/, Weiss stattfindet. EMERSON (I. c. S. 75) 
bezeichnet Anwesenheit von Pigment durch P, Abwesenheit von Pigment 
durch p. Wir finden hier die gleiche Annahme wei bei SHULL, indem P 
schon allein eine Testafarbe verursachen soll. 

EMERSON erortert (I. c. S. 95 ff.) auch die Méglichkeit, dass Samen 
nur mit dem Grundfaktor P weiss sein kénnen und fiihrt hierzu zwei 
Beispiele aus der Literatur an. In diesen beiden Fallen handelte es sich 
aber nicht um Kreuzungen zwischen verschiedenen Rassen von Pha- 
seolus vulgaris sondern um Kreuzungen zwischen Phaseolus multiflorus 
var. coccineus mit Ph. vulgaris. Der eine Fall betrifft VON TSCHERMAKs 
(1904) Kreuzung von Wachsdattel mit »gelbbraunen» Samen mit Scarlet 
Runner mit »schwarz/lilarosa» marmorierten Samen. Die F.-Samen 
zeigten sehr dunkle Farben, die F;-Samen zeigten wenigstens 11 ver- 
schiedene hellere und dunklere Farben und in F, schliesslich spalteten 
mehrere weisssamige Individuen aus. Der zweite Fall betrifft HALSTEDs 
(1906, 1907) Kreuzung zwischen Tennesee Green mit »hellbraunen» 
Samen und Scarlet Runner, in der in F., Individuen mit weissen Samen 
ausspalteten. Dass die Ergebnisse dieser Artkreuzungen indessen nicht 
ohne weiteres zu Schlusssitzen in bezug auf den Grundfaktor fiir die 
Testafarbe von Ph. vulgaris verwendet werden kénnen, diirfte wohl 
selbstverstandlich sein. 

Im Jahre 1912 verédffentlicht VON TSCHERMAK eine gréssere Arbeit, 
die seine bisherigen Kreuzungsergebnisse mit Bohnen im Lichte der 
Faktorenlehre behandelt. Er bezeichnet in dieser den Grundfaktor fiir 
Testafarbe mit A, und fasst diesen selbst als Farbe verursachend auf, 
was u. a. daraus hervorgeht, dass er der Gelben Prinzessbohne die Genen- 
konstitution A bc m beilegt (1. c. S. 192). Da die Gelbe Prinzessbohne 
durch die Testafarbe Bister charakterisiert ist, sollte also laut VON 
TSCHERMAK der Grundfaktor allein diese Farbe hervorrufen. 

SHAW und NorTon (1918) bringen in dieser ihrer Arbeit eine Notiz, 
die klar darauf hinzudeuten scheint, dass der Grundfaktor fiir Testa- 
farbe, P, selbst keine Farbe der Samenschale verursacht. Sie schreiben 
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Seite 65: »The appearance of pigment in the seed coat of beans is usually 
the expression of a complex factor or the concurrence of several factors. 
In the absence of any one of the elements of this factor complex the beans 
are unpigmented. If this be the case, crosses of non-pigmented beans 
may give rise to pigmented offspring. One such cross has been en- 
countered in this work, that of Davis Wax X Michigan White Wax.» 

Merkwiirdigerweise erwahnen SHAW und NORTON nichts mehr tiber 
diese wohl sehr wichtige Kreuzung. Sie wurde anscheinend in F, nicht 
untersucht und die Verfasser scheinen ihr dann auch nicht mehr Be- 
deutung in obigem Sinne beigelegt zu haben, denn spater (I. c. S. 73) 
wird teils EMERSONs Annahme der Farbenwirkung des Grundfaktors P 
kritiklos ibernommen, teils geht aus mehreren Stellen ihrer Arbeit deut- 
lich hervor, dass sie den Grundfaktor P selbst auch als Farbe verur- 
sachend betrachten. So heisst es in ihrem Kapitel »The Inheritance of 
Pigments» (I. c. S. 84): »The production of a totally pigmented bean, 
then, rests on the presence of several factors. First, we must have P, in 
the absence of which we have a white bean; second, T, in the absence of 
which the bean has an eye; third, the presence of M or M’, the former 
-ausing beans of the vellow-black series, and the latter, pigment of the 
red series... If P and T are present and M and M’ absent, the bean is 
buff-colored.» Das Gen T verursacht also laut SHAW und NORTON Ganz- 
farbigkeit der Samenschale, bei ¢ ist die Samenschale nur zum Teil 
gefarbt. M und MW’ sollen zwei Gene sein, welche die Ausbildung zweier 
verschiedener Serien von Testafarben bedingen, selbst aber keine Farbe 
hervorrufen. Alle in meinen hier besprochenen Kreuzungen vorkom- 
menden Typen sollten demnach die Gene 7 und M enthalten. Beziiglich 
der Existenz der Gene M und MW’ will ich mich einstweilen skeptisch 
verhalten. . 

SHAW und NorRTON schreiben weiter (1. c. S. 84): » When the factors 
P, T and M are present, a buff or ecru colored bean is produced». Seite 
86 (I. c.) heisst es dann: »In other crosses of this table buff-colored 
beans (B) appear. According to our hypothesis this can occur only 
when the modifier M is absent, or, if present, only when all determiners 
are absent». 

Aus Obenstehendem geht klar hervor, dass der Grundfaktor P allein 
laut den genannten beiden Verf. Ecru (=  Schamois) oder wenigstens 
eine ihnliche Farbe bedingen soll. Erwahnt sei hier noch, dass die mir 
zur Verfiigung stehenden Proben von Davis Wax (erhalten aus U. S. A.) 
einen gelben Ring um das Hilum aufweisen. Diese Sorte kénnte dem- 
nach sowohl den Grundfaktor und einen oder mehrere Farbenfaktoren 
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enthalten, aber es miissten ihr der oder die Faktoren fiir Ganzfarbigkeit 
fehlen. Dann kénnte das Erscheinen von gefarbten Bohnen in F, der 
oben erwahnten Kreuzung von SHAW und NORTON — wenn es nicht auf 
spontane Kreuzung beruht? — auf die Anwesenheit des Faktors fiir 
Ganzfarbigkeit, 7, in der anderen Elternsorte zuriickzufiihren sein. 
Eine Wiederholung dieser Kreuzung soll hier Klarheit schaffen. 

KOoIMAN (1920) hat in einer umfangreicheren Arbeit die Resultate 
einer Kreuzung zwischen den beiden hollandischen Bohnensorten 
»Bruine boon» und »Dubbele Hollandsche Spersieboon» vorgelegt, die 
laut ihm eine Spaltung in sechs Faktoren zeigen soll. Seine F,-Genera- 
tion bestand aus 212 Individuen, die eine Spaltung von 154 verschieden 
Pigmentiert : 58 Weiss zeigten. Eine auf den Grund gehende Klarlegung 
einer Spaltung, an der sechs Faktoren teilnehmen, erscheint bei dieser 
Individuenanzahl wohl ausgeschlossen. KOOIMAN, der seinen Grund- 
faktor fiir Testafarbe mit A bezeichnet, ist der Ansicht, dass dieser selbst 
keine Farbe verursacht. Als Beweis hierfiir stiitzt er sich teils auf die 
oben erwihnte Notiz von SHAW und NORTON in bezug auf das Erschei- 
nen von gefarbten Bohnen in F, nach Kreuzung von zwei weisssamigen 
Rassen (vgl. die dortige Diskussion), teils auf die Abspaltung von weissen 
Bohnen in F, und F, seiner Kreuzung. In diesen wurde namlich in 16 
Serien zusammen eine Spaltung von 84 Gefarbt: 44 Weiss erhalten. 
Diese Zahlen sagen aber nichts Sicheres dariiber aus, dass es sich hier 
nicht um eine monofaktorielle Spaltung handelt. D/m betragt fiir dieses 
Verhaltnis namlich 2,45. 

StrKs (1920) berichtet iiber die Analyse einer spontanen Bohnen- 
kreuzung. Auf Grund der erhaltenen Spaltungsresultate sagt er in seiner 
Zusammenfassung in bezug auf den Grundfaktor P folgendes: 1. P ist 
der Grundfaktor fiir das Zustandekommen von Farbe; allein verursacht 
dieser Faktor die Farbe Schamois; seine Abwesenheit bedingt weisse 
Testafarbe, unabhangig von der eventuellen Anwesenheit von anderen 
Farbenfaktoren. Und 2. G ist ein Faktor fiir gelbbraune Farbe der 
Bohnen, der die Schamois-Farbe von P in Gelbbraun umwandelt. Hier 
haben wir also schon die sichere Feststellung der eigenen Farbenwirkung 
von P, trotzdem hierfiir kein Beweis erbracht wird. 

MACHLEJD (1926) bespricht die Ergebnisse von vier Kreuzungen, in 
denen er die Vererbung der Testafarbe studiert. Er bezieht die Farben 
auf Farbenfelder im Code des Couleurs von KLINCKSIECK et VALETTE. 
Der eine Elter in allen seinen vier Kreuzungen ist Phaseolus melleus, 
dessen Samenschale Schamois gefarbt ist. MACHLEJD bezeichnet diese 
Farbe als »sand colour» und bezieht sie auf CC 153D (vgl. meine Be- 








206 HERBERT LAMPRECHT 








schreibung von Schamois). In bezug auf die genetische Konstitution 
dieser Farbe sagt er (1. c. S. 68): »Factor P indicates the sand colour». 
Auch bei MACHLEJD erscheint also eine Farbenwirkung durch P allein 
sicher. 

Und schliesslich finden wir folgende Ausserung bei E. NILsson 
(1929): »Als Grundfaktor fiir Schalenfarbe haben LUNDBERG und AKER- 
MAN (1917), SirKS (1920), SHULL (1908) und SHAW und NorTON (1918! 
einen Faktor konstatiert, der von diesen Autoren mit P bezeichnet wird, 
und der, wie es scheint, den Grund fiir den gleichen Phanotypus bildet, 
der den abweichenden, rezessiven Teil meines Materials »(Schamois) » 
kennzeichnet». Hier wird also das Konstatieren der Farbenwirkung des 
Grundfaktors P seitens sechs Autoren angefiihrt. Von diesen haben 
iibrigens zwei, LUNDBERG und AKERMAN (1917), gar nichts iiber einen 
Grundfaktor erwahnt. 

Die obige Ubersicht iiber die bisherigen Auffassungen hinsichtlich 
des Effektes des Grundfaktors fiir die Ausbildung von Testafarbe bei 
Phaseolus vulgaris diirfte die auf diesem Gebiete herrschende Unklarheit 
zur Geniige beleuchtet haben. Wir entnehmen aus dieser Ubersicht, dass 
die Mehrzahl der Forscher die Ansicht vertreten haben, dass der Grund- 
faktor nicht nur Bedingung fur die Ausbildung von Farbe tiberhaupt sei, 
sondern dass er selbst auch die Ausbildung der Farbe Schamois veran- 
lasst. Ein Forscher (VON TSCHERMAK 1912) hielt die Ausbildung von 
Bister als durch ihn verursacht. Zwei Forscher (SHAW und NORTON 
1918) machen in bezug auf die Wirkung des Grundfaktors widerspre- 
chende Angaben, und ein Verfasser schliesslich (KOOIMAN 1920) ver- 
mutet — gestiitzt auf SHAw und NorRTON (I. c.) und ohne Beweise hierfiir 
erbracht zu haben — dass dem Grundfaktor selbst keine Farbenwirkung 
zukomme. Wie in meiner Kreuzung Nr. XII einwandfrei bewiesen wor- 
den ist, wird die Farbe Schamois durch das Zusammenwirken von zwei 
Farbenfaktoren (C und J) mit dem Grundfaktor P verursacht, und dem 
Grundfaktor allein kommt keine Farbenwirkung zu. Bohnen mit dem 
Gen P allein (ohne weitere Farbenfaktoren) sind weiss. Bei Kreuzung 
von zwei Bohnenlinien mit verschieden gefarbter Testa, bei denen die 
betreffende Farbe je nur durch einen Farbenfaktor verursacht. wird, also 
dem Beispiele PP CC jj X PP cc JJ entprechend, ist daher eine Spaltung 
in 15 Pigmentiert : 1 Weiss zu erwarten. Und gerade dieses Spaltungs- 
verhaltnis ist in meiner Kreuzung Nr. XII realisiert worden. 

Nun soll schliesslich eine kurze Ubersicht iiber von anderen Ver- 
fassern konstatierte Farbenspaltungen gegeben werden, die mit meinen 
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hier vorgelegten Spaltungsresultaten in Beziehung gebracht werden 
kénnen. 

LUNDBERG und AKERMAN (1917) haben die Nachkommen einer 
spontanen Kreuzung untersucht. Sie fanden in einem Stamm von 
»Braunen Bohnen» mit Schokoladefarbigen Samen, der im Jahre vorher 
neben einer Parzelle mit gelbbraunen Prinzessbohnen gewachsen ist, 
eine Pflanze, die dunkelbraune Samen hatte, im tibrigen aber voll- 
stindig mit der Muttersorte tibereinstimmte. 

Es sei erwahnt dass die gelbbraune Prinzessbohne die Testafarbe 
Bister hat, die schwedischen sogenannten »Schokoladefarbigen Bohnen» 
die Testafarbe Miinzbronze. Auf Grund obiger Angaben und bei Kennt- 
nis der Resultate meiner Kreuzungen Nr. II und IV kénnen wir schon 
mit grosser Wahrscheinlichkeit auf das zu erwartende Kreuzungsresultat 
schliessen. Bister hat die Formel PP CC JJ GG bb vv, Miinzbronze die 
Formel PP CC JJ gg BB vv. Es ist also ein in bezug auf die Genen G 
und B heterozygotischer Bastard, PP CC JJ Gg Bb vv, zu erwarten. In 
F, soll es zu einer bifaktoriellen Spaltung nach dem Schema: 

9 Mineralbraun : 3 Miinzbronze : 3 Bister : 1 Schamois 
kommen, ganz wie sie fiir F; und F, meiner Kreuzung Nr II in Tabelle 
11 mitgeteilt worden ist. LUNDBERG und AKERMAN haben auch genau 
eine solche Spaltung erhalten. Dr. AKERMAN hat die Liebenswiirdigkeit 
gehabt Samenproben aus F; meiner Kreuzung Nr. II mit Samen aus der 
erwahnten spontanen Kreuzung zu vergleichen und mir mitgeteilt, dass 
diese praktisch genommen mit den oben erwahnten Farben identisch 
sind. Die Farbenbezeichnungen von LUNDBERG und AKERMAN »Dunkel- 
braun, Schokoladefarbig, Gelbbraun und Gelbweiss» entsprechen nach 
den von mir in vorliegender Arbeit beschriebenen Farben: Mineralbraun, 
Miinzbronze, Bister und Schamois. 

JOHANNSEN hat in seinem Lehrbuch »Elemente der exakten Erb- 
lichkeitslehre» (1. Aufl. 1909, S. 53; 3. Aufl. 1926, S. 63) die Ergebnisse 
der Kreuzung einer »gelbsamigen» Bohnenrasse mit einer »schwarz- 
samigen» mitgeteilt. In F, wurden 558 Individuen mit folgenden Spal- 
tungen in bezug auf die Testafarbe erhalten: 293 Schwarz und Schwarz- 
lich : 105 Violett : 121 Bronze: 39 Gelb. Der Bastard soll schmutzig 
schwarze Samen gehabt haben. Die Spaltung in F, war bifaktoriell und 
hat umgerechnet auf die Kombinationszahl 16 das Verhaltnis 8,41 : 3,01 : 
: 3,46: 1,12 gegeben. 

Ich glaube nicht fehlzugehen wenn ich obiges Kreuzungsergebnis 
JOHANNSENS als mit der in Tabelle 4 dieser Arbeit mitgeteilten Spaltung 
von Chromgrtin-Schwarz in F; und F, von Kreuzung Nr. II tiberein- 
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stimmend auffasse. In meinem Falle haben wir folgendes theoretisches 
Spaltungsverhaltnis mit folgenden Testafarben: 

9 Schwarz und Chromgriin-Schwarz :3 Veilchenviolett : 3 Miinz- 
bronze : 1 Schamois. 

Mit den entsprechenden Bezeichnungen JOHANNSENS erhalten wir: 

9 Schwarz und Schwarzlich : 3 Violett : 3 Bronze : 1 Gelb. 
JOHANNSENS vier Farbenbezeichnungen stimmen sehr gut mit meinen 
iiberein. Schamois ist ja nichts anderes als eine bestimmte Art von 
Gelb. Es diirfte demnach nicht daran zu zweifeln sein, dass es sich 
in diesen beiden Fallen um eine Spaltung in bezug auf dieselben Genen 
gehandelt hat. Den von JOHANNSEN als Eltern verwendeten Bohnen- 
rassen sollten also die Formeln 

PP CC JJ gg bb vv (Gelb) und PP CC JJ gg BB VV (Schwarz) zu- 
kommen. 

Die oben erwihnte Kreuzung ist von JOHANNSEN als ein Beispiel 
fir Epi- bzw. Hypostasie verwendet worden. JOHANNSEN schreibt 
(1926, S. 443—444): »Wir kénnen dieses Resultat» [die F.-Spaltung 
9 VB (Schwarz) : 3 Vb (Violett) : 3 vB (Bronze) : 1 vb (Gelb)] »in folgen- 
der Weise deuten: Das Gen B bedingt, dass statt gelbe bronzene Farbung 
auftritt. Diese Farbe ist wahrscheinlicherweise eine Modifikation der 
gelben Farbe. Das Gen V bedingt violette Farbung, wodurch gelb nicht 
bemerkt wird. Der violette Farbstoff ist im Zellsaft lokalisiert, der 
gelbe Farbstoff in den Zellwinden gebunden. Indem hier sowohl Violett 
als Gelb wirklich existierende Charaktere sind, kann gesagt werden, dass 
Gelb von Violett gedeckt oder versteckt wird. Ein solches Verhalten 
hat man mit den Wortern Hypostasie bzw. Epistasie bezeichnet. Violett 
ist Gelb gegeniiber epistatisch, Gelb aber hypostatisch im Verhalten zu 
Violett. Wenn V und B zusammentreffen, wird schwarze Farbe in den 
Samenschalen gebildet. Violett ist also nicht epistatisch tber bronze, 
sondern bildet damit eine einheitlich hervortretende Summationseigen- 
schaft, gewissermassen eine ’Konstruktion’». 

Die Verwendung dieses Kreuzungsresultates als Beispiel fiir Epi- 
bzw. Hypostasie erscheint mir nicht angebracht. Epistasie soll ja eine 
Deckungserscheinung oder eine Nichtrealisierung eines Charakters sein. 
Die Betrachtung im obigen Beispiel ist rein phanotypisch, aber gar nicht 
genotypisch. Gelb (Schamois) wird durch gewisse Gene (C und J zu- 
sammen) verursacht, durch ein weiteres Gen (B) entsteht Bronze, durch 
ein anderes (V) Violett, durch die Anwesenheit der beiden letzten 
Schwarz. Wir kénnen demnach im vorliegenden Fall auf Grund der 
vorhandenen Testafarbe stets darauf schliessen aus welchen Einzel- 
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farben diese zusammengesetzt ist, bzw. welche Genenkonstellation fiir 
die betreffende Farbe verantwortlich ist. Es wird nichts verdeckt. 
Wird der Epistasie- bzw. Hypostasie-Begriff in diesem Sinne verwendet, 
dann k6énnen wir in allen Fallen wo der phanotypische Effekt eines 
Gens durch die Anwesenheit eines weiteren abgeindert wird von Epi- 
bzw. Hypostasie sprechen. Bei Pisum sativum z. B. verursacht ein Gen 
A blassrosa Bliitenfarbe; kommt ein weiteres Gen B hinzu, erhalt man 
blaulichviolette Bliitenfarbe. Nach Obigem hiatten wir hier einen Fall 
von Epistasie vor uns. Ich méchte die Erscheinung der Epi- bzw. Hypo- 
stasie mehr genotypisch betrachten und sie folgendermassen charakteri- 
sieren. Unter Epi- bzw. Hypostasie ist die Erscheinung zu verstehen, 
dass die An- bzw. Abwesenheit eines Gens (des hypostatischen) auf 
Grund der Anwesenheit eines anderen Gens (des epistatischen) sich ohne 
Kreuzungsversuche nicht feststellen lasst. Die durch das hypostatische 
Gen verursachte (hypostatische) Eigenschaft wird von der durch das 
epistatische Gen verursachten (epistatischen) Eigenschaft verdeckt. Es 
kénnen auch mehrere Gene bzw. die durch dieselben bedingten Eigen- 
schaften hypo- bzw. epistatisch sein. 

Schéne solche Beispiele fiir Epi- bzw. Hypostasie finden wir in 
NILSSON-EHLEs (1909, 1911) Kreuzung von schwarz- mit gelbahrigem 
Hafer, in VON TSCHERMAK und BIFFENs Kreuzung von 2- mit 4-zeiliger 
Gerste u. a. In diesen Fallen fand in F, eine Spaltung im Verhaltnis 
12:3:1 statt, wobei ein neuer Typus (weissahriger Hafer, sechszeilige 
Gerste) zutage kam. Ein dhnliches hiibsches Beispiel finden wir in 
meiner obigen Kreuzung Nr. II in bezug auf die Farbe Bister, verur- 
sacht durch das Gen G. Die beiden Genotypen PP CC JJ gg BB VV und 
PP CC JJ GG BB VV haben schwarze Samenschale. Sie sind nicht von- 
einander zu unterscheiden und auf Grund des Phianotypus kann bei 
diesen Konstitutionen ohne Kreuzungsversuche nicht festgestellt werden 
ob die hypostatische Farbe Bister, verursacht durch das hypostatische 
Gen G, vorhanden ist oder nicht. BBVV, Schwarz, ist also gegentiber 
Bister, GG, epistatisch. 

E. NILsson (1929) hat in einer Probe der Bohnensorte Apollo 
(Bister) einige Samen mit Schamois Testafarbe gefunden. Von diesen 
wurden drei Pflanzen erhalten, die dann konstant Schamois Samen 
gaben. Von der Muttersorte wurden einige heterozygotische Samen 
gefunden, die in bezug auf Samenfarbe nach dem Verhaltnis 3 Bister 
: 1 Schamois spalteten. Da die Schamois-Samen produzierenden Pflan- 
zen in ihren iibrigen Eigenschaften ganz mit denen von Apollo (Bister) 
iibereinzustimmen schienen, fasst NILSSON erstere als eine Verlustmuta- 
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tion auf. Ob dies wirklich der Fall gewesen ist oder nicht dariiber 
kann man sich nicht mit Bestimmtheit 4ussern. Jedenfalls kommen 
spontane Kreuzungen nicht selten vor, und es braucht ja nur eine Kreu- 
zung mit einem anderen Biotypus stattzufinden, dem dass Gen G fiir 
Bister fehlt und der die Gene fiir Schamois (C und J) und eventuell 
noch andere enthalt, damit es zur Ausspaltung von Pflanzen mit in 
bezug auf G heterozygotischen Samen kommt. Diese kénnen von den 
Samenfirmen auf Grund der mit Apollo iibereinstimmenden Testafarbe 
Bister aus den Samenernten nicht entfernt werden. Und ich glaube dass 
man unter einigen Hunderten von solchen sicherlich Typen auffinden 
diirfte, die sich nur auf Grund okularer Besichtigung nicht von Apollo 
unterscheiden lassen. 

Herr Ziichter E. NILSSON hat die Liebenswiirdigkeit gehabt mir 
eine Probe seiner Schamois gefairbten Samen zu iiberlassen. Diese haben 
sich als mit meinem Schamois-Typus iibereinstimmend erwiesen, wes- 
halb hier kein Zweifel dariiber bestehen kann, dass es sich im oben 
angefiihrten Falle hinsichtlich Testafarbe um eine Spaltung nach der 
Formel PP CC JJ Gg gehandelt hat. 

Die im Vorstehenden besprochenen Kreuzungsresultate anderer 
Forscher werden durch meine hier vorgelegten Ergebnisse durchweg 
bestatigt. Die Gene G, B und V scheinen also unabhangig voneinander 
vererbt zu werden. Laut den von mir in Kreuzung Nr. XII mitgeteilten 
Resultaten werden auch die beiden Farbenfaktoren C und J unabhangig 
voneinander vererbt. Wie sich diese beiden letzten in genannter Hinsicht 
zu den drei Faktoren G, B und V verhalten bleibt noch festzustellen. Das 
Gleiche gilt fiir die Farbenwirkung dieser drei Faktoren im Verhaltnis 
zum Grundfaktor P bzw. zu jedem der beiden Farbenfaktoren C und J 
fiir sich. 

Schliesslich soll noch erwaihnt werden, dass KOOIMAN in seiner 
Arbeit des Jahres 1920 als erster festgestellt zu haben scheint, dass der 
Faktor fiir Geschwefeltes Weiss, C (von KOOIMAN mit B bezeichnet) in 
heterozygotischer Dosis Marmorierung der Testafarbe verursacht. Die 
Farbe wird von Kooran als lichtzitronengelb bezeichnet. Dieser Be- 
fund ist durch meine Spaltungsresultate in Kreuzung Nr. XII bestatigt 
worden. Dass jedoch nur dieser Faktor allein imstande ist in hetero- 
zygotischer Dosis Marmorierung der Testafarbe hervorzurufen, glaube 
ich nicht, da mir u. a. z. B. heterozygotische Typen bekannt sind, die 
nur eine sehr schwach lichtgraue Marmorierung aufweisen. Der Ver- 
erbung der Marmorierung der Testafarbe werde ich in nachster Zeit eine 
besondere Untersuchung widmen. 
































Mae a 


Deepen... 


PHASEOLUS VULGARIS 211 





or 


ZITIERTE LITERATUR. 


EMERSON, R. A. 1902. Preliminary account of variation in bean hybrids. — 
15. Ann. Rept. Nebr. Agr. Exp. Stat., 30—43. 

— 1904. Heredity in bean hybrids. — 17. Ann. Rept. Nebr. Agr. Exp. Stat., 
33—68. 

— 1909. Inheritance of color in the seeds of the common bean. — 22, Ann. 
Rept. Nebr. Agr. Exp. Stat., 67—101. 

HALsTED, B. D. 1906. Experiments with bush beans. — N. J. Agr. Exp. Sta. 27. 
Ann. Rpt., 454—466. 

— 1907. Experiments with bush beans. — N. J. Agr. Exp. Sta. 28. Ann. Rpt., 
340—343. 

JOHANNSEN, W. 1909. Elemente der exakten Erblichkeitslehre. — Jena. 

— 1926. Dito. 3. Aufl. 

Koorman, H. N. 1920. Over de erfelykheid van de kleur der zaadhuid van 
Phaseolus vulgaris, — Utrecht. 

KRISTOFFERSON, K. B. 1924. Colour inheritance in the seed coat of Phaseolus 
vulgaris. — Hereditas, V, 33—43. 

LUNDBERG, J. F. und AKERMAN, A. 1917. Iakttagelser rérande fréfargen hos av- 
komman av en spontan korsning mellan tvenne former av Phaseolus vulgaris. 
— Sveriges Uts.-for. Tidskrift, XXVII, 115—121. 

MACHLEJD, J. 1926. The genetical analysis of seed colour of Phaseolus vul- 
garis. — Mém. Inst. Génét. Ecole Supérieure Agr. Varsovie. 81 S. 

Nitsson, E. 1929. Eine einfaktorielle Rezessivabweichung in bezug auf die 
Farbe der Samenschale bei Phaseolus. — Hereditas, XII, 41—52. 

NILsson-EHLE,-H. 1909, 1911. Kreuzungsuntersuchungen an Hafer und Weizen. 
I—II. — Lunds Univ. Arsskrift, N. F., Avd. 2. 

Sax, K. and MCPHEE, H. C. 1923. Color factors in bean hybrids. — J. of Hered. 14. 

SHaAw, J. K. and Norton, J. B. 1918. The inheritance of seed coat colours in 
garden beans. — Mass. Agr. Exp. Stat. Bull., 185, 59—104. 

SHULL, G. H. 1907a. The significance of latent characters, — Science, N. S. 
XXV, No. 646, 792—794. 

— 1907b. Some latent characters of a white bean. — Science, N. S. XXV, 
No. 646, 828—832. 

— 1908. A new Mendelian ratio and several types of latency. — Amer. Natur. 
XLII, No. 499, 432—451. 

Smks, M. J. 1920. De analyse van een spontane boonenhybride. — Genetica II. 

— 1922. Die Farbenfaktoren der Samenschale von Phaseolus vulgaris L. und P. 
multiflorus WILLD. — Meded. Landbouwhoogeschool, 23. Verh. 4. 40S. 3 T. 

TJEBBES, KL. en Koorman, H. N. 1922. Erfeligheidsonderzoekingen aan boonen. 
VII. — Genetica, 4, 447—453. 

TSCHERMAK, E. von. 1902. Uber die gesetzmassige Gestaltungsweise der Misch- 
linge. — Z. landw. Versuchsw. in Osterreich, 81 S. 1 Taf. 

— 1904. Weitere Kreuzungsstudien an Erbsen, Levkojen und Bohnen. — Z. 
landw. Versuchsw. in Osterreich, IV + 106 S. 

— 1912. Bastardierungsversuche an Levkojen, Erbsen und Bohnen mit Riick- 
sicht auf die Faktorenlehre. — Z. f. ind. Abst.- u. Vererb.-lehre, VII, 81—234. 











BRASSICA NAPOCAMPESTRIS, A NEW CON- 
STANT AMPHIDIPLOID SPECIES HYBRID 


BY H. N. FRANDSEN anv O. WINGE 
TAASTRUP anp COPENHAGEN 





I. GENETIC EXPERIMENTS. 


(BY H. N. FRANDSEN). 


hier several investigators have been occupied with the question 
of the rising of polyploid forms of plants by species crossing, 
and in the literature several papers have appeared dealing with the 
occurrence of such crossings (CLAUSEN and GOODSPEED 1925, NEWTON 
and PELLEW 1926 and 1929, TSCHERMAK und BLEIER 1926, KARPE- 
CHENKO 1927, and others). 

The present preliminary publication treats the investigations carried 
out at the Plant Breeding Station Otoftegaard (belonging to the Co- 
operative Wholesale Society in Copenhagen and the Danish Co-operative 
Seed-Growers’ Association in Roskilde) for the purpose in the work 
of plant breeding to try crossing of species for production of such new 
constant forms. 

In the summer of 1928 artificial crossing was carried out between 
swede (Brassica napus L. var. sativa rapifera) and turnip (Brassica 
campestris L. var. sativa rapifera). For the crossing we used plants of 
the strain of swede »Lyngby Bangholm», which has oval root-form, 
red-violet head and yellow coloured flesh. Of turnip we employed 
plants of the kind »Yellow Tankard», which also has yellow coloured 
flesh but green head and longish root-form. The pollination was per- 
formed so, that the flower-buds were emasculated before the flowering 
and the pollen was at the same time brought on the stigmas, whereafter 
the inflorescence was isolated in caps of gauze. Cross-pollination was 
performed in both directions. We obtained positive results only from 
the crossing between three pairs of plants. The attained quantities of 
seeds were small, especially the crossing turnip X swede gave very poor 
result. We got only some few poorly developed seeds, from which we 
only obtained 2 F,-plants. Otherwise the three plants of swede pro- 
duced more and better developed seeds. 

These small lots of seeds were sown out in the spring of 1929 for 
investigation of the F,-generation, and we got 47, 48 and 66 plants resp. 
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The F,-type was mainly intermediate. With regard to the leaves they 
took up an intermediate position between the parents, it is true, but 
they were a little more similar to swede than to turnip. 

The form of the roots was intermediate too, being a half-long cone, 
and most of the plants were set with »crossing-knots» of differing size 
on the roots. 

As to the head-colour all the plants of the two former progenies 
were red-violet, while the latter progeny segregated in 32 red-violet 
and 34 green-reddish plants. 

Unfortunately there was not made cytological investigation on 
these F,-plants, but such investigation was made beforehand on the 
two above mentioned F-plants from the crossing turnip swede, and 
in these plants we found a chromosome-number of 2n = 28, which just 
was the expected number, Brassica napus having n= 18 and B. cam- 
pestris n= 10 (KARPECHENKO 1922), which results also have been con- 
firmed by our investigations. 

During the conservation through the winter of 1929—30 and after 
the planting-out in the spring of 1930 a good deal of the plants was 
lost on account of attack of diseases; the first mentioned progeny was 
quite lost and as to the other two we only got seeds from 23 and 32 
plants resp. The plants were planted out into a green-house for self- 
pollination, and during the flowering season there was constantly made 
artificial self-pollination by hand. 

The 55 plants yielded on an average 0,5 gr. of seeds per plant varying 
from quite few seeds to 2,7 gr., which latter quantity of seeds was 
harvested from plant no. 103. For comparison it can be stated that 
plants of swedes planted out under similar circumstances produced on 
an average 3,6 gr. of seeds per plant; thus we see that the F,-plants 





were comparatively little fertile. 

In the spring of 1931 the seeds in question were sown out for 
observation of the F.-generation, and 50 samples out of 55 produced 
plants. After the harvest of the roots in these families the material 
consisted of 2368 F,-plants, i. e. on an average 47 plants per family, but 
the number varied highly; from a single plant to 286, which number 
was counted in the family originated from plant no. 103. 

On examination of the material all the families appeared to be off- 
spring from hybrids. Generally there was a very pronounced segrega- 
tion into different types. The segregation with regard both to the form 
and size of the leaves was well-marked, the variation was very great, 
but the main part of the plants was, regarding the type, more similar 
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to swede than to turnip, several plants being quite like swede in the 
leaves, but only a few had typical turnip-leaves. Also transgressive 
segregation was recorded, e. g. plants were found, which possessed leaves 
without any incisions at all, or without wax-cover, and moreover others 
with glistening smooth leaves. 

Only a single progeny, no. 103, was characterised by a great con- 
stancy; the leaf-type was rather intermediate, and all the plants were 
of the same type, moreover the leaf-rosette was large and vigorous and 
early differed from those of the other families. 

As to the form of the roots there was a well-marked segregation 
among the plants. After the harvest the roots were classified after their 
forms. We classified them in the following four groups: globular roots, 
oval roots, a half-long root-form and roots of a longish conical form. 
Thus we were able to classify 2274 roots in all. 

Practically in all the families consisting of a fairly great number 
of individuals the segregation was so well-marked, that each family 
possessed roots in all the four groups, only in a few cases the variation 
was smaller. The family no. 103 showed the smallest variation. While 
the procentual distribution of the roots into the four groups with regard 
to the 49 progenies as a whole was 17—18—53 and 12 pCt. resp., the 
family no. 103 showed 0—0O—84 and 16 pCt. resp. Thus we see that 
all the roots of this family had a half-long conical form, no one being 
globular or oval. 

With regard to the colour of the heads there was also a distinct 
segregation in most of the families. Only in a part of the progenies 
originating from green-headed F,-roots the colour was constant. In 
the family no. 103 all the roots were green-headed with a slightly 
reddish hue. 

All of the observations mentioned above have shown that on 
essential points the family no. 103 behaved in a manner that differed 
from the other families. The F,-plant was characterised by a relatively 
great fertilily when self-pollinated and the F.-generation, being of a 
rather intermediate type, showed on the different points great con- 
stancy. These facts indicate, that here we have a new constant species-. 
hybrid! The cytological investigation (comp. part II) has confirmed 
this supposition, and it has to be regarded as surely ascertained that a 
new amphidiploid species-hybrid has come up, and so — named after 
the parental species — it has got the name Brassica napocampestris. 

A closer investigation of the new species, e. g. of the reduction 
division and its behaviour when crossed back to the parental species, 
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besides investigations on material from the other highly segregating 
hybrid-families are intended, and when carried out information of the 
results will appear. 


II. CYTOLOGY AND THEORETICAL CONSIDERATIONS. 
(By ©. WINGE). 


In order to be able to make a cytological investigation as soon as 
possible of the constant family originating from the highly fertile F,- 
plant, no. 103, 5 roots were planted into flower-pots in August 1931, 
for the purpose of ascertaining the number of chromosomes in the cells 
of the root-tips. 

This cytological investigation was performed at the Genetic Labo- 
ratory of the Royal Veterinary and Agricultural College in Copenhagen 
and showed, as expected, that the five plants had 56 chromosomes in 
the somatic cells, i. e. the sum of the somatic numbers of the parental 
species, Brassica napus having 36 chromosomes and B. campestris 20 
in somatic cells. 

Later on, 16 plants were potted in addition. The examination of these 
took place at the Laboratory of Otoftegaard, and it fully confirmed the 
first observation. All the examined F,-plants, 21 in all, originating 
from plant no. 103, possessed 56 or at any rate very near 56 chromo- 
somes. Thus it is sufficiently certain that a new amphidiploid constant 
species-hybrid. has arisen. 

The question now rises, how the doubling of the chromosome-set 
came into existence, and concerning this there is no doubt at all. As 
already the fertility of the F,-individual had been extraordinary, the F\- 
plant itself must have had the doubled number of chromosomes, and ob- 
viously it had been doubled throughout, because the plant had no 
appearance of a chimera with diploid and amphidiploid parts of tissue; 
such a thing also would have involved that not all of the F,-plants had 
been identical, for in the progeny of almost all the other F,-plants 
segregation was well-marked, as mentioned above. The doubling of the 
chromosome-number in F, has probably taken place already at the first 
division in the zygote. 

The details of this process are of minor importance; it is 
possible that the chromosomes of the primary nucleus have split in 
a stage similar to diakinesis, as has been shown in the tapetal cells of 
the anthers of Humulus Japonicus (WINGE 1917), and as LITARDIERE 
(1923) observed in the peribleme of Spinacia oleracea. A quite similar 
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phenomenon was found in the Bacterium tumefaciens-tumors of Beta 
vulgaris (WINGE 1927) and in tar-tumors of mice, Mus musculus 
(WINGE 1930). It is also possible that an ordinary division of nucleus 
has taken place so that a cell containing two nuclei has come out, and 
that these nuclei during a following simultaneous division have fused 
to one, as often happens in tapetal cells of the anthers, and ‘in 
accordance with the hypothesis of WINKLER (1916) and the observations 
of JORGENSEN (1927). Even other, perhaps less probable, contingencies 
could not be excluded. 

At all events, the constancy of the F.-generation is obviously due 
to a somatic doubling in the F,-plant and not to the formation of diploid 
gametes by a — for the rest — normal F,-plant. 

Thus the new Brassica napocampestris has arisen in accordance 
with the scheme which I set up in 1917, in order to illustrate the origin 
of new species, and not as the tetraploid form of Raphanus X Brassica 
(KARPECHENKO 1924, 1927), which appears in the F,-generation — and 
not earlier. In Raphanobrassica the F,-individuals partly produce di- 
ploid gametes by a so-called semiheterotypic division (ROSENBERG 1917, 
1926). As a whole, it holds good of the majority of the constant species- 
hybrids originated by crossing and chromosome-doubling that they 
probably have arisen by somatic doubling. Unfortunately, in this 
respect several misunderstandings have crept in, and also my hypo- 
thesis of 1917 has been -wrongly interpreted, some authors having 
thought that the splitting of the chromosomes, which leads to »indirect 
chromosome binding» and thereby to the origin of new species, in 
accordance with my hypothesis was to take place at the reduction 
division in F,, although I said explicitly that the F, itself had 
doubled chromosome number in its somatic cells. As to the F,- 
hybrid I said, in 1917, p. 199: >If the chromosomes are to find a 
partner, then each ‘of the chromosomes in the zygote must divide for 
thus indirectly to produce a union of chromosomes, and we must assume 
that this is realized in the hybrid zygotes which have possibility at all 
of propagating — in accordance with what we know from experience 
as to the behaviour of pairs of chromosomes. The hybrid sporophyte 
thus produced will then have 4x chromosomes taking the number 
of each of the parent gametes as x». 

The amphidiploid Primula Kewensis, Rosa Wilsoni, Nicotiana 
digluta, Fragaria bracteata X F. Helleri, Solanum nigrum X S. luteum, 
Saxifraga Potternensis and probably Primula Bulleyana X P. Beesiana 
behave in this manner. As to TSCHERMAK’s Aegilops X Triticum 
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hybrids together with Triticum turgidum X T. villosum the circum- 
stances are not known in all details. Thanks to the investigations of 
KIHARA and KATAYAMA (1931) it is proved that the doubled hybrid 
Aegilops ovata X Triticum dicoccoides, brought forward by these in- 
vestigators, is due to a failing reduction division in F,. ‘TSCHERMAK’s 
view (1929) that constant Aegilops X Triticum hybrids in all cases 
should have arisen from diploid gametes, produced in F;,, is, however, 
hardly correct. 

In the cases where semiheterotypic division has been found, it 
takes place, as a rule, without much regularity, and often aberrant 
sterile forms are produced. Nevertheless it is sufficiently established 
that this type of division is the cause of the origin of some of the now 
known constant hybrids. Thus the constant species-hybrids Phleum 
pratense X alpinum, Digitalis Mertonensis, Nicotiana tabacum % sil- 
vestris, and N. rustica X paniculata have originated in that way. 


SUMMARY. 


Brassica napocampestris is a new instance of a constant hybrid or 
a new species originated by species-crossing and a subsequent total 
doubling of the somatic chromosomes in F,;. The doubling probably 
has taken place at the first cell-division in the zygote. 

While the chromosome numbers of the parent species are n= 18 
in Brassica napus and n= 10 in Brassica campestris, Brassica napo- 


campestris has n = 28. 
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SEGREGATIONS IN RED CLOVER (TRI- 
FOLIUM PRATENSE L.) 


BY H. WEXELSEN 
FELLESKJQ@PETS STAMSEDGARD, HJELLUM, NORWAY 





INTRODUCTION. 


[\ 1923 plant breeding work with red clover was started at Felles- 
kjepets Stamsedgard by the Late Dr. W. CHRISTIE which work has 
been continued from 1928 by the present author. A number of families 
have been inbred by brother-sister matings for some generations and 
descriptions have been made of a large number of single plants. In 
1928 genetic experiments were started with the aim of studying the 
inheritance of a number of morphological characters. In both of these 
ways segregations of several characters have been noted and although 
the data are yet casual and not fit for a final analysis, they seem worthy 
of a preliminary report, especially as the accumulating of genetic data 
in red clover is a rather slow project. 

From a purely genetic point of view red clover is not a favourable 
plant; it is a slow grower, gives only one seed per flower, is nearly 
selfsterile and suffers from inbreeding. On account of the constant 
cross-fertilization it is also extremely heterozygous, so that it is necessary 
to inbreed the material to obtain pure stocks before a safe analysis 
can be made. It is, however, a very important agricultural plant, and 
the breeding of red clover is one of the most important problems of 
plant breeders today. It therefore ought to be studied genetically and 
it is interesting to a geneticist on account of its enormous variability 
and favourable on account of its low chromosome number, n= 7 
(H. WEXELSEN 1928). 

The genetic experiments have been supported by a contribution 
from 1905-Fondet for landbruksforskning i Norge for which I give my 
best thanks. 


EARLIER WORK. 


Little has yet been published on the genetics of red clover, but a 
few data are at hand from the observations of several investigators 
and some of these, concerning the characters reported on, will be 
briefly mentioned. KaJsANus (1912a) found that the leaf spot was 
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formed in the following way: In a part of the leaf surface the cells of 
the epidermis grew more rapidly than the underlying pallissade cells. 
In this way a cavity filled with air was formed, the pallissade cells 
were exposed to stronger light and part of the chlorophyll destroyed. 
The white colour of the leaf spot is effected partly by the destruction 
of the chlorophyll, partly by the intercellular air. He assumed the 
presence of one factor for central and one for basal leaf spot. GMELIN 
(1914) assumed the presence of two factors for central leaf spot. 

DE VRIES (1901) found that white flower colour was recessive to 
red and that F, segregated in the ratio 3 red : 1 white. KAJANus (1912 b) 
also found white to be recessive to red. GMELIN (1914) found in one 
cross of red X white all offspring red flowering, in two other crosses 
he found 29 red : 29 white, and 155 red: 103 white. WurTe (1921) 
describes types of white flower colour combined with red stem and 
vellow seed, he mentions that it is difficult to be sure that there is no 
colour in the flower. He, however, also describes a type with white 
flowers and white seed, which he regards as a true albino for antho- 
cyanine colour and the bottom recessive of colour types in red clover. 
Both KaJANUS and WITTE discuss the correlation between flower and 
seed colour and both find that white and very light flower colours are 
always combined with yellow seed (except the white seeded type). 
KAJANUS describes a type with blue flower colour which is recessive to 
red and always seems to be combined with orange brown seed. 

DE VRIES (1901) found yellow seedlings in Trifolium pratense and 
the same has been found by several investigators working with red 
clover. Among 492 plants from selfing, KirRK (1925) obtained’41 chloro- 
phyll defective seedlings of which 24 were albinos. 


MATERIAL AND METHODS. 


The material consists of plants selected for breeding or for genetic 
study almost exclusively from the Norwegian strain of late red clover, 
Molstad. In the breeding work isolation has been effected by enclosing 
the whole plant or part of the plant in a cage of cheese-cloth put on a 
frame of wire supported by two sticks. In the genetic experiments 
pergamine paper bags on single heads also supported by a stick — 
have been used. The red clover material used has proved to be very 
highly selfsterile and emasculation has therefore not been regarded 
necessary. On 125 plants isolated in cages with about 166000 flowers 
unpollinated flowers have given 611 seeds, i. e. 0,36 % seed. However, 
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most of this seed was found on a few plants and often in a single head 
which indicated that they were not due to selfing, but to foreign pollen. 
Some of these »selfed» seeds were obtained in inbred, rather constant 
families, and the offspring proved that they were not due to selfing, 
but to pollen from another family. Some heads within each cage were 
cross-pollinated and it is probably during the procedure of pollination 
that some pollen has landed on not treated heads. For this reason 
bags on single heads were used in the genetic crosses and most of the 
segregations reported are from such crosses. 86 plants with 381 heads 
included in bags, comprising 19050 untreated flowers, gave 45 seeds. 
This is 0,2 % selfing in unpollinated flowers, but in flowers treated 
with pollen from another plant, the chances for selffertilization are 
of course smaller, because the foreign pollen tubes, as we know, have a 
much higher growth rate then those of the plants’ own pollen. Selfing 
cannot therefore in any serious way have effected the segregations in 
this material. In general one cannot rely on red clover being completely 
selfsterile, as several investigators have found plants and strains that 
give a fair amount of seed by selfing (see SYLVEN 1929). But if the 
plants are tested for their selfsterility one can use the non-castration 
method, except where some very critical question shall be decided. 


LEAF SPOT. 


The presence of a white spot on the leaves of T. pratense is regarded 
as a characteristic of the species, but in both wild and cultivated red 
clover plants without leaf spot are rather frequent. In table 1 are given 
the number of plants with and without leaf spot in a number of wild 
and cultivated strains of red clover. It is evident that plants lacking 
leaf spot are more frequent in wild Norwegian red clover than in the 
local cultivated strains, which is surprising in view of the fact that wild 
red clover is in general less variable and contains less recessive mutant 
types than the cultivated. 

Leaf spot in red clover may be central or basal, in this report only 
the central leaf spot will be dealt with. In table 2 are given the segrega- 
tions for leaf spot versus no leaf spot; in the lower part 9 crosses are 
listed showing a 1:1 segregation, total ratio: 188 with : 198 without. 
In the upper part one finds 9 crosses giving a 3:1 ratio; there is a 
deficiency of non-spot plants which is mainly due to the family 24—1. 
1927 with a ratio of 58:5. This is probably a case of suppressed leaf 
spot in the 5 plants, the whole family being homozygous for leaf spot. 
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TABLE 1. Number of plants without leaf spot in various strains. 

















| Number of plants | Number of plants 
with | without | with | without | 
leaf spot | leaf spot | leaf spot | leaf spot | 
Wild red clover: | | Cultivated red 
Vang, Hedmark...| 27 19 | clover: 
eee 49 | 22 _a) Norwegian lo- | 
Etnestolen ......... 2 6| «(15 | cal strains: | 
Sikkilsdalen......... 24 =| 20 | Molstad ............| 149 27. 
121 | 76 CINUM:  ascsssiesass 57 2 
% | Gla | 388 || Fosnes...............| 27 2 
fe CC 37 1 
EE cask svrcannians 46 4 | 
| Brata...... | 40 6 | 


| b) Other strains: 
Ostgéta I, Swe- 





| | dishbred.........) 19 | 1 | 
| | Ostgéta II, Swe-| | | 
| dish bred ......... ie} tf | 
| Sibirian ............ | sg | a | 
ND siciccts ncn | 20 | — | 
| 43 | 45 | 


| 


| | % | 9096 | 9,04 | 


As will be mentioned later, suppressors of leaf spot occur; the ratios 
obtained by GMELIN and interpreted on the basis of two factors for leaf 
spot are probably also of the same nature. 


° SIZE OF LEAF SPOT. 


The leaf spot does not only vary in its presence or absence or in 
its position, but also in shape, size, intensity and colour. In figs. 1 
and 2 are represented three types of size in leaf spot which has so far 
been isolated as constant characteristics of some inbred families, 
extended, large and small. They are all of the V-shaped type, but the 
arms may be more or less broken or shortened, especially in the small 
which often takes a triangular shape. Several families have given a 
sharp segregation for large versus small spot (table 3). The data show 
that there is one factor determining the differences between these two 


types. 
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TABLE 4. Extended leaf spot. 





Number of plants 
Family Parent plants j 
extented large small 


total 
leaf spot leaf spot leaf spot c 





1931 

78—1—1—1.... 78—1— 1a 78—1--1» -- 21 
78—1—2—1...| 78—1—2a x 78—1—2b ‘ 24 
78—1—3—1.... 78—1—3a & 78—1—3> - 64 
Kr. XVIII... | 51—1—1a Xx 78—1—2a 18 36 


The distinction between large and extended is much less sharp, and 
classification in cases doubtful. In table 4 is given the classification 











Left no leaf spot, right small leaf spot. 
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Fig. 2. Left extended leaf spot, right large leaf spot. 
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of some segregating families. The data are inconclusive, but indicate 
that extended is due to a modifier of large that is variable in its effect. 


STRONG AND WEAK LEAF SPOT. 


As mentioned before the spot may be more or less intense, in some 
plants only a faint trace of spot is found on a few leaves. One plant, 
86—1° 1928, was studied carefully through one season and found to 
have no spot; its offspring, however, showed it to be genetically leaf 
spot and next season faint spots were found on some leaves. In another 
plant, G27, no leaf spot was found in one season, but the offspring 
showed it to be heterozygous for spot; as it did not live next season, 


TABLE 5. Strong and weak leaf spot. 








Number of plants 





Parent plants | l 
strong | weak | 


| 
| 
| | 
| leaf spot | leaf spot | 
| 
| 


Family 
total 








a) 1929 
86—1a < 86—1> 28 16. 
86—1e X 29—1a 27 27 


G 21 G 28 42 
G 21 G 27 37 
G 36 < G 28 2 
6—18 « 64—18 38 
6—1--1a & 11—0—1> 25 
9—1—2> & 54—1—1a 21 


| 
1:1 expected | 

















9—1le K 9—IF 





G 3X G 35 | 
G 39 G 22 | 





| 

3:1 expected | 

| 

48—1>b x 46—1c | 
48—1> & 32—1a 
48—1b >< 46—1a | 
| 





108 
108,5 





15: 1 expected 
Hereditas XVI. 
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reinspection could not be made. Heterozygotes for spot do not show 
less marked spot than the homozygotes. The weak spots represented in 
these segregations vary in degree of intensity, the consequence of the 
operating of at least 2 factors, nothing can as yet be said of the definite 
effect of each factor. Data on segregations are given in table 5. Eight 
crosses give a segregation of 220 strong : 194 weak, representing a 1: 1 
backcross ratio; there is a deficiency of weak, the deviation is, how- 
ever, only 1,3 X the standard error. 

Three families have given a 3:1 ratio of strong versus weak leaf 
spot, showing strong to be dominant, the numbers agree well with those 
theoretically expected. Finally three families, all involving crosses with 
plant 48—1>, have given a segregation of 108 strong :8 weak, which 
corresponds very nearly to a 15:1 ratio. The four plants involved 
apparently are heterozygous for two suppression factors. 


COLOUR OF LEAF SPOT. 


_ The colour of the leaf spot may be white or yellow, two families 
have segregated for this character: 





yellow white 
oe ee er re 20 6 
» Q9—1—2* K 9—1—1%............... 12 4 
32 10 


Yellow is dominant giving monofactorial segregation with white. 


LEAF COLOUR. 


Leaf colour has varied in this material from pale yellowish green 
to normal or medium, dark green and blue green. Although leaf colour 
is a striking characteristic of many inbred families, classification of 
segregating families is not easy. We find here a gradual transition from 
one grade to another and the leaf colour changes during the develop- 
ment of the plant, so one may find very different shades of colour on 
a single plant. In table 6 are listed the segregations for dark green and 
medium and for medium versus pale green, the characters being domi- 
nant in the order mentioned. Four families segregate 70 dark : 59 
medium, clearly a 1:1 backcross ratio and one family 19 : 3, agreeing 
with a 3:1 ratio. 

Five families segregate: 99 medium : 22 pale green, the numbers 
expected on a 3:1 ratio are 90,75 : 30,25, there is a deficiency of pale, 
the deviation is, however, not more than 1,7 X standard error. 
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Three families have given both dark, normal and pale in the 
following ratios: 26 dark : 136 medium: 15 pale green. This ratio is 
probably the result of the operating of two factors in heterozygous and 


TABLE 6. Leaf colour. 












































Number of plants with leaf colour 
Family Parent plants 
dark medium | pale || 
| total 
| green | green green 
| | | | 
a) 1931 | | P33 | 
+ 1—4,. 3 ita 781-1») 11. | 6 | — 17 
4-4-2... 78— 1-28 781-2 13 | 8 | — | 21 
613-1... (8--1-) ~ B1-— 3b 30 | 25 =.) 
Kr. XVII......| 61-12 3—1—18 | 16 | 20 — | 8 
| 70 |; — | = 
| 1:1 expected 64,5 ai =- | @ 
b) 1929 | 
54—1-2......| 541 X 5414 19 3 a a 
3:1 expected 16,5 5,5 — | 22 
c) 1929 | | 
SS ee | 78—0a X 78—1a - Sie oo 
Kr, IID...) 78—16X 54—1b = 20 | 3 23 
Bee | 15—Oe x 13—1a oe 18 6 | 24 
| 
1930 | | 
Al weet G1xXG4 ee | & | | 
| ae | 4610 X 14-10 - 7 | 3 | 30 | 
| “| _—) 121 | 
| 3:1 expected — | 9075} 305} 121 | 
c) 1930 | | 
A 17. | 82-10 x 14—1a 0 | @ | 5 64 
A 18. -| 48-10 x 46-10 12 | 4 | 7 65 
1931 | | | | 
Kr. XV......... | 9120 9110 _— aa) 8 48 
| | 26 | 136 15 177 








homozygous condition and as the class limits are not sharp, a calcula- 
tion of the genic basis of the groups will be doubtful. Pale green is 
the most distinct type and taking this class by itself, we get: 162 : 15 
which is very near a 15:1 ratio, indicating that pale is the double 


recessive type. 
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ANTHOCYANINE PIGMENT. 


Red pigment is present in red clover on the stem, on the nerves of 
the stipules and involucre and as diffuse colour on both, in the calyx 
and corolla and in the seed. Plants lacking anthocyanine pigment have 
green stems, stipules, involucre and calyx and white flowers and seed. 
The production of red colour (and yellow in the seed?) is dependent 
on a basic colour gene, which of course also governs the production of 
colours representing modifications of red. One plant, G12, without 
any red colour in the vegetative parts and with white flowers and seed, 
was crossed to a plant, G3, with nearly white flowers, green stem, red 
stipules and violet seed. F, consisted of plants lacking all red pigment, 


TABLE 7. Anthocyanine segregations. 





























| | | 
| | Number of plants | 
Family Parent plants | — re | 
| parent plants | with without on | 
| | pigment | pigment | 
| | ] | 
a) 1931 | | | | | 
BUGS oS cisceasees G 12<G 3 exXxCe | Oe = 9 18 
APD i. ccccssccae. | “GODSCG 51 cox Ge | 10 | 6 16 | 
A 58 ...........| G 50 G 52 exte | 7 | @ “| 
TT G50XG54{ eccxCc |- 1 | 38 | 4 
-A@........| G50XG53| ccxXCe | 19 = == oe 
| | 46 | | (33 79 | 
1:1 expected | 39,5 | 39,5 79 
b) 1931 | | 
oe rn G55xXG56| CexCc | 21 | 10 31 
3:1 expected | 23,95 | 7,75 31 





plants with red pigment and nearly white flowers like G3 and plants 
with normal red flowers. Leaving out for the present the white—pink 
flower colour, which is due to another gene, F, consisted of 9 with red 
pigment and 9 without, showing that G 3 is heterozygous for the colour 
gene for which G 12 is homozygous recessive. An F, plant, G 50, with- 
out red pigment (white seeded) was mated to 4 F, sister plants with red 
pigment and gave 37 red : 24 non-red, adding the F, the total backcross 
is 46 red : 33 non-red (table 7). A mating of 2 F, plants with pigment 
gave an F, of 21 red: 10 non-red. All non-red plants lacked colour in 
all parts of the plant, the backcross plants flowered too late to get the 
seed colour, but the white flowered plants in the cross G12 X G3 all 
had white seed. 
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RED COLOUR ON STEMS AND STIPULES. 


The red colour on stems and stipules varies immensely both as 
regards distribution and intensity. Genetically it is apparently modified 
by intensifying, suppressing and distributing factors and it is also ex- 
ceedingly sensitive to external conditions, especially the light. Plants 
grown densely together usually show but little red and for classification 





























| Number of plants 
Family | Parent plants i cre ee ae 
pa, | = | green | total 
| | | 
a) dark red | | | 
| dark red 1930 | | | | | 
TE eiswnianas ee. eee a: ee 
A 10 | 14—-1ex14—-1» | 14 | 4 | 2 | 20 
A 11 | 14—1a< 48—1> eS | > | BP 
| 6 | 4 | 8 | 13 | 
| 9:6:1 expected | 6357 | 4287 | 708 | 113 | 
| b) dark red X | | | | 
| green 1930 | | | | 
A 6 on..eseseeee | 14—10 X 46—18 > se .- i B 
2 ar | 14-19 x 46—18 i) eS) ee 
A 18 ou... ccc]  48—1b X 46—1 5 | + | n | @ 
TD sidusaindinss | 48—1> x 46—1a . | i. «wi. 
| 7-| =| s 129 
; | 1:2:1 expected | 32,25 | 64,56 | 325 | 129 
c) light red x | | | 
green 1930 | | | | | 
Al ssseeesessasavecs | G1xG4 —- | 6 Lb 2 | 26 | 
| | | 
d) green < green | | | | 
| ne G3XG5 — | 4 2a | 
Pe wibonwns 48—1a xX 32—1a — |} 5 = | 
|) Ee G3XG1 a 2 ae 
— ae, ae. ae | 





purposes the plants must be widely spaced and not too luxurious. Even 
then classification is difficult and repeated classifications do not always 
give consistent results. The material has been examined 2 or 3 times and 
any plant showing at any time a trace of red has been classified as red. 
The colour varies from a very faint tint to a full dark red colour. The 
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red colour on stipules to a large degree follows the variations of stem 
colour, but they also vary independently of each other as will be men- 
tioned later. As mentioned earlier cc plants have green stems, but also 
in CC plants pure green stemmed types occur. Some segregations 
from different crosses between various types of stem colour are listed 
in table 8. Crosses of dark red have given 65 dark red : 40 light red 
: 8 green, which agrees with the number expected if the dark reds are 
heterozygous for two factors for red, each alone giving light red and 
both combined dark red. The same plants are crossed to green 
(table 8b) and have given the ratios: 17 : 64:48. Here are too many 
green and too few dark red, probably due to a poorer development of 


TABLE 9. Green stipules. 



































Number of plants 
red | green total 
a) green < green 1930 
AGES ooo asscesuseee sovsettasercaaes 14—1a & 14—1b _ 22 22 
1:15 expected 1,33 20,67 22 
b) green X red 1930 
cases coesba eis ssescnesseapenses 14—1b & 48—1b 15 47 62 
“A | a eee rer rere aera 14—1a 48—1» 2 | 2 27 
17 72 89 
15:49 expected 21 68 89 
c) green X green (with 
green stem) 1930 
aa bf Rae ere rer ena emer 14—1a x 32—1a 4 12 16 
2:10 expected 2,67 13,33 16 


colour in these families. Light red X green has in one cross given 15 
light red: 11 green. Four crosses of greens have given 12 plants of a 
total of 102 with a slight tint of red on the lower part of the stem, 
probably we have‘not here to do with real anthocyanine colour, but 
with some other colouring of the skin. 

As mentioned the colour on the stipules may vary independently. 
of the stem colour, plants are found with intense red stems and com- 
pletely green stipules and not only plants, but inbred families homo- 
zygous for this type. Likewise types are found with red stipule and 
green stems. Some crosses involving the first type are given in table 9. 
The data are yet too few to give a certain analysis, but they indicate 
that this type of green stipule is due to two dominant restriction factors. 
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FLOWER COLOUR. 


There is a large number of flower colours and colour patterns in 
red clover. So far the following types have been recognized: 

1. All while. — No trace of colour is found in the corolla at any 
time. Two plants of this type have been found in the original material, 
Gi2 and G13; both had completely green stems, stipules and calyx, 
but G12 had white, G13 violet seed. Crossed together they gave 25 
plants, all with normal red flowers, which proves that the two types 
are genetically different. Both were also crossed to homozygous normal 
red and the offspring was all red flowered, showing that the two types 


TABLE 10. Flower colour. 





























| | 
| | Number of plants 
Family — Formulae of parent plants TA 
plants white- 
P red_ | total 
pink | 
1931 | | | | 
A 24...;G12XG3 | Wp,wp, X wp,Wwp, at a i a 
A 42...|G18 G2 | Wp,wp,Wp,wp, X Wp,Wp,wp,wp,, 12 | 8 | 20 
A 29.../G18XG16| » »  X<wp,wp,Wp,Wp,, 6 | 3 | 9 
A 39...|G14 G16 |Wp,wp,Wp,wp,X =» » 16 | 3 19 
A 40...|G15 & G 16 » » > ns » 15 8 23 | 
A 57...| G55 & G56 | Wp,wp, X Wp,wp, 2 | 17 | 19 | 


are completely recessive to normal. The crosses with G12 are treated 
earlier, dealing with the segregations of the c factor for which G 12 is 
homozygous recessive (table 7). G13 was also crossed to G50, a cc 
plant from the cross G12 X G3, and the offspring was red flowered 
with red vegetative parts. G13 is thus a recessive white, carrying C, 
but with a recessive gene w,, causing white flower colour and probably 
also green vegetative parts. 

2. White with pink tube. — The flowers are nearly white with a 
trace of pink on the tube. The colour is increasing with the age of the 
flower, spreading then over other parts of the flower. In the material 
3 plants of this type were found, G 1, G 2 and G 16, all three had faintly 
red coloured stems, G1 and G 2 had yellow-violet seed, the seed colour 
of G16 was not ascertained on account of poor ripening. G1 and G2 
were crossed and gave 36 plants, all with red flower colour; these two 
plants, although phenotypically indistinguishable, are therefore geno- 
typically different. A red flowered F, plant, G 18 (table 10), was back- 
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crossed to G2 and gave 8 red to 12 white-pink. In these the pink 
colour was stronger than in G 2, about of the same type as old flowers 
of this plant. The plants flowered late in the fall and the increasing 
cold weather seemed to increase the colour. The two genes present 
in G1 and G2 we may call wp, and wp... F, from the cross G1 XK G2 
was mated to G16 and gave 6 white-pink :3 red, showing that G 16 
is either wp,wp, or wp.wp., as a later cross shows probably the former. 
G 1 was further crossed to normal red and gave all red flowering off- 
spring. G 16 was also crossed to G 13 and F, consisted of 38 red flowering 
plants showing that these plants are genotypically different. 

3. White with pink tip. — Nearly white flowers with a little pink 
on the tip of standard and wings; the colour is increasing with age, 
old flowers are therefore indistinguishable from flowers of type 2. At 
a young stage both are often completely white. Two plants of this 
type were found in the original material, G3 and G4, both with green 
stems, G3 had red colour on the stipules and yellow-violet seed. G3 
was crossed to normal red and the offspring was all red flowered, the 
same result was obtained when G4 was crossed to G1, which shows 
that G4 represents a recessive white-pink type different from G1. F; 
from this cross was mated to G2 and gave no white-pink offspring, 
proving that the factor in G4 is also different from wp., there is thus 
a third gene causing white-pink flowers, wp;. G3 and G4 have not 
been crossed, we may assume for the present that the same gene is 
operating in both as no data speak against this assumption. G3 was 
crossed to the cc plant G 12 and the offspring segregated for white-pink, 
showing that G12 was heterozygous for this gene. The segregations 
in backcrosses of white-pink are listed in table 10 with the formulae 
of the parents, the two types of white-pink are here listed in one column. 
Two F, plants from the cross G*l1 X G4 were mated to G16 and gave 
the families A 39 and A40 which segregated 31 white-pink : 11 red. 
This may be a 1 : 1 ratio, G 16 being homozygous wp,wp, and otherwise 
homozygous dominant, but more probably it is a 5:3 ratio obtained if 
G 16 is heterozygous for wp;. The total numbers will then be 26,25 : 15,75, 
which agrees better with the numbers actually found. 

Other flower colours found in red clover are: pink, light rose, 
rose, or normal red, diffuse, purple and blood; a description of these 
types will be postponed till data on their inheritance are laid forth. 
The flower colours so far studied show very complicated relations and 
the plants are often heterozygous for several genes as is so often the 
case in red clover. 
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As mentioned before observations have been made by several in- 
vestigators on the correlation between flower colour and seed colour. 
We have not yet obtained much data on seed colour, but a few points 
may be mentioned. Our white cc type has in all cases examined had 
white seed and corresponds to the white flowering, white seeded type 
of WirTE. The other white or nearly white flowering types have had 
yellow seed with more or less violet, which is in contradiction to the 
findings of KAJANUS and WITTE that such types always have yellow seed. 


HEREDITARY RESISTANCE TO MILDEW (ERYSIPHE 
COMMUNIS). 


The breeding material in the field has been more or less attacked 
by mildew in the fall; in 1930 the attack was especially severe and it 
was noted that there was a great difference between the families, some 
being completely white with mildew, while others, often by the side of 
the first, were completely free. Description of mildew attack was made 
and the results are listed in table 11. First are listed 4 families, 2 inbred 
and 2 outcrosses with only 1 plant of 166 not attacked by mildew. Next 
are given 6 families with 107 plants all free from mildew. The families 
were spread in duplicates over the field and the chances of infection 
should be equal; the differences between the families must be due 
to some inherent quality in them. It will also be noted that plants from 
family 6—1—1 are involved in all crosses giving susceptible families, 
whereas the resistant families have their origin from 54—1—1 and 
9—1—1. In table 11° are given the results of crossing plants from the 
resistant family 54—1—1 with plants from the susceptible 6—1—1 and 
9—1—2, namely 68 attacked : 69 not attacked by mildew. Two other 
crosses have given the same kind of segregation, in all, these four 
families have given 111 attacked : 99 not attacked, agreeing with a 1: 1 
backcross ratio. Seven families have given a ratio of 205 resistant : 50 
susceptible, probably a 3 : 1 ratio, the segregation was rather sharp and 
classification usually not doubtful. Three families have given a segrega- 
tion of 126 resistant : 11 susceptible, agreeing with a 15:1 ratio. Plants 
nos. 9—1—1", 9—1—1° and 9—1—14 used in the last crosses are also 
used in 2 of the crosses in table 11” giving all resistant plants, but the 
total numbers are only 29 and these families may therefore be segre- 
gating. Many plants have been used in more than one cross and behave 
consistently, but 3 families have given 119 attacked : 25 not attacked 
which do not fit into the given scheme. Many more diallel crosses are 
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TABLE 11. Segregations for resistance to mildew (Erysiphe communis). 








Number of plants 





Parent plants 


not | 

| 

attacked hieiieai 
by 


mildew by 
| mildew 


Family 


Parent plants 


Number of plants 





attacked 
by 
mildew 


not 
attacked 
by 
mildew 











a) 1930 
6—1—1—1 
lke. G aaa 
Kr. XIII... 


Kr. XVII... 
Kr, XIX ... 


6—1—12 x 6—1—1» 
6—1—1> Xx 9—1—2 
6—1—12 X 11- 0—1» 


% 


54—1—1¢e X 54114 
54—1—14 X 54—1—1b 
9—1-1eX 9—1—14 
Suita 64-15 
9-1-1» 9—1—1Ie 
9-118 9—1—14 





6—1—1> xX 54—1—1e| 
9—1—2b x 54—1—10 


6—1—1* % 3—1—18 
51—1—14 13 -1—1> 











d) 1930 


||51—1—1—-1 
|| 78—1—1—1 








|Kr. XVIII 


| 


|e) 











91-13 
9—1—1—7 
|9—1—1—-11 


—f 





| 11-O--1-1 
|\64—1—-1 ... 











51—1—1a & 51—-1—1» 
78—1—1a x 78—1—1»> 
78—1—2a & 78—1—2b 
78—1--3a & 78—1—3> 
9—1—1e& 9—1-If 
9—1—2a& 9—1—1a 


‘511-18 X 78—1—2 


1:3 expected 





9—1—18 X 9—1—1¢ 
9—1—14 & 9—1—1e 


11—0—1a & 11—0—1» 
64—1» X 64 - 1a 
6418 6—16 





Kr. XII 


| 91-14 X 9—1—-16 | 


1:15 expected | 


| 
| 
| 
| 
| 


se oso p41 


38 
18 
17 
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necessary to solve the question of the nature of the inheritance of 
resistance to mildew and studies must be made of the degree of attack 
and conditions of infection. The data clearly show, however, that 
resistance to mildew is an inherited character on a relatively simple 
genic basis. 

We do not yet know whether mildew does serious harm on red 
clover. Under our climatic conditions it probably is not serious in the 
hayfields, but for the seed production it may be very harmful. 
WILLIAMS (1931) mentions that red clover plants under glass are very 
badly attacked by mildew, which reduces the seed setting and may 
even kill the plants. 


OTHER HEREDITARY CHARACTERS IN RED CLOVER. 


In the ‘inbred material several more or less abnormal characters 
have cropped out which are worth describing. In most cases they 
probably represent the segregating out in homozygous condition of a 
recessive gene present in heterozygous state in the original material. 

Abnormal seedlings. — Most of these have been chlorophyll de- 
ficiences which have been very common. They have not been much 
studied and many segregations not noted. It may be of interest, how- 
ever, to note some of the types found. 

Yellow seedling. — The cotyledons are of a clear yellow colour, 
the seedlings die when the nourishment of the seed is used. The type 
is quite common; 3 families have segregated 37 green:9 yellow, 
apparently a 3:1 ratio and 2 families 35 green: 2 yellow, which in- 
dicates a 15: 1 segregation. — 

Yellow green. — The cotyledons are of a yellowish green colour, 
later turning green. One family segregated 53 green : 21 yellow green, 

apparently the segregating out of a single recessive gene. 

White spotted or mosaic. — The cotyledons have white spots 
mosaically arranged, some seedlings being all white. This is the only 
case in which pure white seedlings have been found. Two families 
segregated for this character, giving 42 green:5 white spotted and 
25 green : 2 white spotted which indicate in both a 15:1 segregation, 
the total ratio being 67 : 7 whereas we should expect 62,375 : 4,625. 

Yellow spot. — The cotyledons have a large yellow spot in the 
center. The type was found frequently in a material obtained from 
Prof. L. E. Kirk, consisting of single plant selections from the strain 
Sask. 319. 
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Fig. 3. Minute plant. 




















Leaves and flower head of Minute plant. 
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Fig. 5. Left dwarf plant, right normal sister plant. 











Fig. 6. Left normal plant, right stemless sister plant. 
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»Minute». — This type is called so on account of the very small 
leaves in the upper part of the plant. It segregated out in the family 
11—0—1—1 which was the result of taking open pollinated seed from 
plant no. 11, mating two halfsister plants and in the next two generations 
mating sister plants. The family resulting from the last mating consisted 
of 38 normal plants showing the characters of the parents and 7 ab- 
narmal Minute plants. They were vigorous plants and desirable from 
a breeding point of view, with erect growth and fine leafy stems. The 
leaves on the lower part of the plant were normal, but on the upper 
part they were very small and with short petioles (fig. 3). The plants 
flowered very late, the normal plants of the family started to flower 
July 4 and were at the height of flowering July 18, but the first flowers 
on Minute plants were noted August 27. The heads were branched, 
with only 10—2Q flowers of white colour (fig. 4). The Minute type is 
thus a complex of characters, none of which had been noted in the 
generations before. It may also be due to the segregating out of a 
single recessive gene, the ratio obtained corresponding fairly well to a 
3:1 ratio. Its complex character may, however, favour the assump- 
tion that we do not have a single point mutant, but some other geno- 
typical change. The pollen appeared to be normal, no seed was obtained 
as the plants flowered too late. 

Dwarfs (fig. 5) were obtained in one inbred family and one cross 
between inbred families in ratios: 23 normal : 3 dwarfs and 39 normal 
:4 dwarfs. 

Plants without stems (fig. 6). — In one family plants lacking all 
flowering stems were found in the ratio 20 normal : 10 stemless. 

Triple-head. — Two flower heads tight together on short stems is 
a common character in red clover. Triple-head is a peculiar type with 
three heads together on about 1 cm long peduncles, the heads were small 
and somewhat flattened. The type appeared in three families in the 
following ratios: 





normal triple-head 
i CP eee TOT ETT eee Tee 11 1 
a Pee ea ee ee en eee a 1 
| NE Pee eee Tee eee ee Tee 22 8 
60 10 


The character was very constant, appearing in all heads of triple- 
head plants. 
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SUMMARY. 


1. The presence of a central leaf spot in red clover is determined 
by one dominant factor. 

2. Three sizes of leaf spot are described, extended, large and small; 
small is recessive to large, and extended is a modified large. 

3. The leaf spot may be more or less intense by the operation of 
at least two factors. 

4. Leaf spot colour may be yellow or white, yellow is dominant and 
segregates with white in a 3:1 ratio. 

5. Pale green, medium green, dark and bluish green leaf colours 
have been found. Dark, medium and pale are dominant in the order 
mentioned and the difference in each case apparently due to one factor. 

6. Plants recessive for the colour gene cc form no red pigment and 
have green vegetative parts and white flowers and seed. 

7. Red pigment on stems and stipules are conditioned by two 
dominant factors, giving a variation from a faint red tint to full dark 
red. The red colour is very sensitive to external conditions and classi- 
fication difficult. Special restriction factors may give green stipules 
combined with dark red stems and vice versa. 

8. White flower colour may be determined by the cc factor, but 
also by a recessive gene w,, which is apparently not a basic colour gene. 
Two factors wp, and wp, have been found to produce white flower 
colour with a trace of pink on the tube, and one factor wp, to give 
white flowers with a little pink at the tip. Crosses between all these 
types give normal red flower colour. 

9. Inbred families and F, crosses between such families have shown 
differences in resistance to mildew (Erysiphe communis), some being 
completely susceptible, others not attacked at all. Crosses between such 
families have segregated for this character. 

10. Some chlorophyll deficient seedlings cropping out in inbred 
families are described. 

11. In one inbred family a peculiar type, called Minute, has segre- 
gated out. In contrast to the normal plants of the family Minute was 
characterized by small leaves on short petioles on the upper part of 
the plant, very late flowering, branched heads with a few white flowers. 

12. Dwarfs and plants without any flowering stems were found in 
some families. 

13. A type has segregated in one family called triple-head with 
three flower heads together on elongated peduncles. 
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RESULTS FROM A CROSS CABBAGE xX 
SAVOY CABBAGE 


BY J. RASMUSSON 
SVALOF 





INTRODUCTION. 


[* the year 1919 some crosses were made between a couple of cabbage 
varieties and a variety of Savoy cabbage. The scope of these crosses 
was to breed new cabbage varieties and the work was mainly done as 
practical breeding. This explains why several measurements were not 
taken and why the notes are not detailed, although it would have been 
very important for the theoretical evaluation of the results, had this 
been done. 

The whole work was done during the time I was head of the 
vegetable experimental station at Alnarp. When leaving that situation 
I hoped that my new occupation should give me time to carry out 
some properly planned theoretical work with similar crosses. There- 
fore the publication of the results was delayed. However, it is now 
evident that in the next years I will have to devote my time to other 
problems and therefore it is considered appropriate to publish the pre- 
liminar results, since they still may be of some value for the breeding 
work. 


MATERIAL. 


LuND and KJAERSKOU (1885) place the Savoy cabbage and the 
common cabbage as different varieties of Brassica oleracea L., respecti- 
vely var. sabauda DC. and var. capitata DC. KRISTOFFERSON (1924) is 
inclined to consider the Savoy cabbage as a sub-variety of capitata. 
This taxonomic question will be discussed later. Here, however, the 
most important differences between the two types may be stated. 

The leaves of the common cabbage are slightly wrinkled and 
generally coated with a rather thick layer of wax. Those of the Savoy 
are deeply wrinkled and with few exceptions less waxy on the surface 
than those of the var. capitata. Following the differences in the 
wrinkling of the leaves the heads of the Savoy are much more loosely 
built than those of the common cabbage. The storing qualities of the 
head partially depend on its tightness. Thus the heads of the common 
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cabbage will keep much better than those of the Savoy when stored 
during the winter. In cold resistance the heads of the Savoy are on 
the whole superior to those of the common cabbage. The common 
cabbage contains some organic sulphur compounds which give it the 
special cabbage taste. The Savoy has very little or none of these 
cabbage taste substances. (The aim of the crosses here discussed was 
in fact to combine the storing qualities of the common cabbage with 
the delicate taste of the Savoy.) Even the rather rough chemical ana- 
lysis which is possible in general agricultural and horticultural field 
experiment work reveals some distinct differences in the chemical com- 


TABLE 1. Average content of different substances in varieties of 
Brassica oleracea L. Per cent of fresh weight. 














| idee | | | | Nitro- | 
Q Dry | | mene | Crude | Crude | Crude — | 
Variety | - | Sugar | cing | i. Ash gen free 
| matter | | protein! fibre | fat | 
| | | sugars | | | | extract | 
| | | | | | 
Cabbage ...| 7,83 3,76 | 3,24 1,53 | 0,67 0,62 | 0,073 1,18 | 
Savoy ...... 10,28 | 2,82 | 1,29 2,68 | 1,01 0,87 | 0,102 2,84 
Brussels .... 13,56 | 2,72 1,39 546 099 «| oo | (0,273, 3,01 
dines 18,16 | 2,06 | 1,62 5,79 | 1,79 | 2,00 | 0,660 | 5,87 


position of the heads of the cabbage types here discussed. Table 1 
(reprinted from LAMPRECHT, 1925) demonstrates the differences he- 
tween Savoy and common cabbage as well as those between the other 
main varieties of Brassica oleracea with exception of the cauliflower. 

The several commercial varieties used for the crosses may briefly 
be described as follows. 

Cabbage, Amager Hunderup: late winter cabbage; sligthly wrinkled 
leaves which are greyish blue from a thick layer of wax; pear-shaped 
head; tall stem; one of the best cabbage varieties for keeping; leaves 
are hurt at — 4°/— 5° C. 

Cabbage, Amager Marslev: late winter cabbage; leaves as Amager 
Hunderup; head ball-shaped and a little flattened; keeps very well in 
storage; leaves stand frost to about the same extent as those of Amager 
Hunderup. 

Cabbage, Képenhamns torg: early summer cabbage; leaves slightly 
wrinkled with rather thin wax coating; heads ball-shaped and very little 
flattened; does not keep well in storage; leaves are severely hurt already 
at — 1°/— es. 
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Savoy, Vertus: somewhat earlier than Amager Marslev; leaves 
tightly covered by small, deep wrinkles; heads rather loosely built, ball- 
shaped but fairly flattened; does not keep in storage but will stand 
frost to — §°/— 7° C. 

Savoy, New year: very late winter-variety; leaves with small but 
very numerous wrinkles with a thick wax layer; head nearly ball- 
shaped, rather firm; does not stand storing well, but will stand 
— 10° C without damage even for fairly long periods. 

In 1919 flowering plants of cabbage Amager Hunderup and Amager 
Marslev were available at Alnarp. All Savoy heads had been killed 
during the winter storage and therefore it was necessary to bring some 
flowering branches of Savoy cabbage from Denmark. The material 
available was of the variety Vertus. In 1923 some other crosses of the 
same kind were made involving among others the varieties K6penhamns 
torg (cabbage) and New year (Savoy). 


METHODS. 


The seeds were sown in rows in specially prepared, good soil and 
the young plants were transplanted to their definite place in the fields 
when they reached a height of about 10 cm. Manuring, watering and 
other treatment was equal for all plants compared. Groups of plants 
of the parent varieties were grown in several places among the des- 
cendants of the crosses. 

Crossing and selfing of the plants was made under pergamyne 
paper bags about 11 X25 cm. The flowers to be crossed were 
emasculated one or two days before pollinating. The flowers isolated 
for selfing were generally left to themselves, although in some cases 
special care was taken to pollinate them with their own pollen. 


RESULTS. 
THE F, GENERATION. 

Three different F; families were investigated. They may all be de- 
scribed as rather homogeneous compared to common cabbage varieties. 
The F, of a cross between two commercial varieties was in fact not more 
heterogeneous than any good cabbage variety and it gave the impression 
of being a little less heterogeneous than most of the Savoy varieties at 
that time. The homogeneity may partly be due to the fact that the F, 
generally descended from some few parent plants and that those were 
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selected as typical of the variety. The general impression of the several 
F, families was also that they represented a type intermediate between 
the parent varieties. 

As to wrinkledness of the leaves the Savoy distinctly prevailed. 

The waxiness of the leaves seemed a little more variable than it is 
in a good strain of cabbage. It was always intermediate between the 
parent types. 

The firmness of the F, heads was intermediate between the parent 
types but the type with the more loosely built heads, the Savoy, 
prevailed somewhat. 

Also in earliness the F, was intermediate but generally the early 
parent type showed incomplete dominance over the late one. Thus 
the F, of the cross cabbage, K6penhamns torg X Savoy, New year was 
only a little later than Képenhamns torg, although New year is very 
much later than that variety. In some other crosses, not further men- 
tioned here, where the parental types were about equal in earliness, the 
F, was clearly earlier than any of the parents. This is best interpreted 
as an effect of the dominance of earliness over lateness. 

The taste of the F,; was a combination of the good characteristics 
of the parent types: it was juicy as that of the cabbage but absolutely 
lacking the aforementioned cabbage taste substances, thus demonstrating 
exactly the features desired in the new variety to come. As far as it 
may be considered appropriate to speak of dominance in characters of 
a so complex genic nature as these, it might thus be said that the 
juiciness of the cabbage and the delicate taste of the Savoy dominated. 

In storing quality and in resistance to frost the F, was intermediate 
between its parents. 

When selfed as well as when openly pollinated the F, plants 
showed a remarkable fertility which seemed to be decidedly better than 
the fertility of any of the parental races. 

In weight of head (and also in volume) the F, plants were distinctly 
superior to their parent types. In 1920 the average weights pro head 
were: Amager Hunderup 2,7 kg, Amager Marslev 3,1 kg, Vertus 2,1 kg, 
and the average of all F, plants between the two cabbage varieties and 
the Savoy was 4,9 kg. From 1924 it may be sufficient to mention the 
results from the cross K6penhamns torg X New year: Képenhamns torg 
3,3 kg, New year 1,7 kg, F, 3,3 kg. The cabbage X Savoy hybrids thus 
are much more vigorous than their parent types. 

Any commercial cabbage or Savoy strain is genically very hetero- 
geneous and it would scarcely be possible to find two plants with the 
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same genic constitution within such a strain. It is therefore to be 
expected that F, families derived from different pairs of parent plants 
will show distinct differences. This was also very evidently the case 
in the crosses here discussed. In 1920 there was only made a general 


TABLE 2. F, families from different pairs of plants of Képenhamns 
torg and New year. 

















7 of P-plant | No. of P-plant New year (Mean weight 1,7 kg) 
Képenhamns IH a raed OE are late 
torg (Mean | = 
eels kg) 8:1 8:4 | 8:5 
12:1 | Very early; Very early; | Fairly early; 
| firm heads | fairly firm heads fairly firm heads 
4,09 kg _ 4,58 kg | 3,98 kg 
12:2 | | Late; | 
| = — loose heads 
: Pe ee a 
12:4 | Heterogeneous | Heterogeneous Rather late; | 


in earliness; loose heads | 
loose heads 


4yoe kg. 


in earliness; 
loose heads 
3,84 kg 


3,55 kg 


note of the obvious fact. In 1924 the F, plants as well as the com- 
parable plants of the parent strains were weighed. Table 2 gives the 
results of these investigations. 


THE F, GENERATION. 


The differences in F, between the different families as well as 
between different plants within a family must to no small extent be 
caused by genic differences, since the parent plants were genically 
different and also heterozygous. These facts make it obvious that in 
breeding cross-fertilizing species the selection work should set in 
already in F, and not be delayed unto F;. In accordance with this 
point of view a selection was made in F, and no F, grown from the 
inferior F, families. Equally, only the best plants of the good F, 
families were continued into F.. 

Several of the flowering F, plants were successfully selfed. From 
these selfed plants 780 F, plants were grown in 1922. From the seeds 
from open pollination about 1200 plants were raised. Since the F, 
plants from the selfings are the only ones of interest here, only these 
will be considered in the following. 
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No attempt was made to analyse the segregation in the different 
morphological characters. It might only be briefly stated that the 
segregation in all the characters considered under the F,-description 
was obviously quantitative and fairly complicated. Still, among the 
780 plants about 10 were judged to have the same low degree of wrink- 
ling of the leaves as the cabbage parent. This would mean that not 
too many factors for wrinkling were segregating in these crosses in 
spite of the fact that the differences between the parent types were 
rather great. 

The taste of the inner leaves of the heads was naturally of special 
interest, since the whole work was made in order to breed a race of a 
certain taste. The taste was tested in the following manner. With a 
knife a cut was made in the head and some pieces of the inner, etiolated 
leaves were tasted without cooking. A series of these tests showed that 
a great variation in taste was to be found among the F, plants. It was, 
however, equally noticeable that the main body of the plants tested 
came near to the taste of the F; type. No plants were found with the 
cabbage taste so accentuated as in the common cabbage used for parent 
in the crosses. 

Because of too much other work it was impossible to weigh all the 
F, heads. Some knowledge concerning the weight of the F, may, 
however, be derived from the following facts. 166 heads were selected 
for propagation. The firmness of the head and its size were thereby 
mainly taken into consideration, and no head of weight below the 
average of the F. was selected. The average weight of the selected 
heads was 2,0 kg and the averages for nearby grown heads of Amager 
Hunderup was 1,8 kg and of Amager Marslev 2,2 kg. From these figures 
may assuredly be concluded that the F, heads at the best weighed as 
much as the average of the cabbage races used for parents. When this 
result is compared with the fact that the F, weighed considerably more 
than the best of the parents it is obvious that the inbreeding of the 
very vigorous F, has brought about a considerable decrease in weight. 

The fertility of the F, was, as already mentioned, markedly greater 
than the fertility usually found in cabbage and Savoy cabbage. It was 
my intention to study the fertility of the F, rather thoroughly but an 
accident made that impossible. 72 of the 166 selected plants survived 
the winter in good shape and were planted in one seed plot. When 
their flowering stalks just were shooting they were, however, mostly 
destroyed by a very severe storm. Only three of them survived and 
the material available for further investigations was limited to these 
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three plants, all of them descendants from the cross Amager Hunderup 
X Vertus. They were selfed and crossed in bags. In all 278 flowers 
were selfed and in this case care was taken to open the bags several 
times during the flowering period and to bring about an artificial 
pollination. In spite of this precaution the 278 selfed flowers gave only 
6 seeds. 88 flowers within the group of plants were crossed and all 
possible combinations were represented. These crosses resulted in 
1445 seeds. 

It is evident from the facts mentioned above that the sterility of 
the F, plants was a typical selfsterility and it should be classified as a 
parasterility according to the terminology of BRIEGER (1930). In 1920 
selfings had been made on the cabbage parent plants of the cross. None 
of these had shown any marked selfsterility. The Savoy parents were 
in this respect unknown, since they were grown in Denmark. My 
experience from other work in cabbage and Savoy cabbage makes this 
a very extraordinary case because none of about 150 selfed plants in 
these types has shown such a high degree of selfsterility. The unlucky 
scarcity of the material makes the seeking for an explanation to pure 
guess work. Still it seems that degeneration accompanying the in- 
breeding might be the most probable explanation of the selfsterility 
in the Fy. 


THE F, GENERATION, 

Six Selfed F, seeds were the whole result of the selfing of the three 
F, plants. These seeds were naturally most carefully treated and five 
of them germinated. However, the five young plants were all more or 
less abnormal. The best one of them had one and a half cotyledon, 
the others had only one or only part of one cotyledon. None of the 
five plants survived long enough to reach the state when it could be 
transplanted. 

From the numerous seeds from crosses between the three surviving 
F, plants nearly 1000 gave plants and 600 of these were transplanted. 
Among these were progenies of the three possible combinations of the 
F, plants. The F, plants had been selected for the same morphological 
type and the three families were also rather alike. Still, they were 
evidently different in several minor characters. The common type to 
which they belonged was one intermediate between the original parents 
although with heads decidedly firmer and leaves less wrinkled than 
the F, type. The heterogeneity within the families was not greater 
than within any average-good cabbage or Savoy strain. The keeping 
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qualities of the F, as well as its frost resistance, however, were below 
the limits for what could be used for further breeding. Because the 
whole F; generation was produced in the haphazard manner described 
above it was considered not worth the while to continue the work with 
this material. 

It might, however, be added that from the new crosses made in 
1923 my successor at Alnarp, Dr. H. LAMPRECHT, by family-breeding 
has bred a quite new type of cabbage which well fullfilles the hopes 
placed on the original cross in combining the generally good qualities 
of the common cabbage with the delicate taste of the Savoy cabbage. 


THE INBREEDING DEGENERATION. 


The rapid dropping off of the vigour of the plants originating 
from selfings of different generations can scarcely be interpreted as 
anything but the result of the inbreeding. Such results of inbreeding 
are since long well known to the geneticists and are now generally ex- 
plained on the basis of the dominance theory. Dr. K. B. KRISTOFFERSON 
has, according to an oral communication, had some of the same ex- 
perience of high sterility of the F, in cabbage as the one reported above. 
One trait of the result should, however, be noted in spite of the fact 
that the material is not worthy of a thorough discussion of the matter: 
the depression from F, to F, is a fairly little one but the depression 
from F, to F; is a very great one. This is not quite in accordance with 
the expectation from the dominance theory of inbreeding depression. 
By taking into consideration the effect of homomeric factors it might, 
however, easily be brought in agreement with that theory, but this ques- 
tion will be considered in a special paper. 
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